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PREFACE. 



These pages owe their origin to the suggestion 
in the Quarterly Review. In writing them, I have 
assumed that the theories of Professor Liebig were 
probably true, because most of them seemed to me 
founded on facts which are well known, and to pos- 
sess the evidence of simplicity in a high degree. I 
have tried to add something to that probability by 
shewing their application to gravel and gout. 

In the Chapter on Gout, it will be seen how far 
practical experience at different times has sanctioned 
the conclusions to which these theories lead us. 

In the Second Part, on Calculi, I have given 
Berzelius's remarks upon them as neariy as possible 
in the words of the German Edition of his Hand- 
book, with some additions which appeared useful. 
I thought this would be more valuable than a state- 
ment of what had occurred to others, and to myself, 
in the] examination of Calculi. With regard to 
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their removal, I have dwelt only on that mode 
which is more particularly the province of the Che- 
mist and the Physician ; and by shewing the diffi- 
culties as well as the success of the treatment by 
solution, we may at some fixture time learn how 
the latter may be rendered more certain and the 
former be more easily overcome. 
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CHAPTER I. 



ERRATA. 
Page 29. line 6, for C^U^Os, read C4H8O8. 

»» »» 7 „ 10 equivalents oxygen, read 8. 

„ 40 „ 10 „ Dr. Reid, read Dr. Clarke. 

„ 26 „ C4HeO, read C4HeOj. 
.. 64 „ 1, instead of the formula given, read 
Acetic acid = C.HaOa ) rC, Og = 4 Carbonic acid. 
8 Oxygen = 0, / I HaOa = 3 Water. 

C4H80n C^HjOn 

Page 124. line 3, for hippuric acid, recrf benzole acid. 



they usually do, or when tHe acids wnicu eneci^ ine 
solution of the salts are wanting. 

The deposit assumes different forms according to 
the substances of which it consists ; it may be either 
in the form of a fine powder, that is without de- 
finite form, or with a definite form in crystals or 
crystalline masses. Those substances which have 
no definite form, and which render the water thick, 

J B 



2 THE URIC ACID DIATHESIS. 

muddy, or milky, consist of urate of ammonia and 
phosphate of lime with phosphate of ammonia and 
magnesia. 

Those which have a definite form, appearing as 
crystalline masses, or gravel, alone or mixed with 
the fine powdery deposit, consist of uric acid, 
oxalate of lime, and phosphate of ammonia and 
magnesia. 

The deposit assumes different colours, according 
as it is mixed with different colouring matters ; all 
the substances which form urinary concretions being 
perfectly white when they are obtained pure. 

By the term uric acid diathesis is intended that 
state of the system which produces a constant de- 
posit in the urine of uric acid, either free, or com- 
bined with some base. It is usually red, more 
rarely yellow, and most rarely white. It is entirely 
soluble in alkalies, and when it consists of the 
urate of ammonia, it is soluble by heat alone. The 
constancy of its occurrence indicates disease ; for in 
the state of health such a deposit will occasionally 
take place. 

With regard to the state in which the uric acid 
occurs in the urine, there is a difference of opinion 
between Dr. Prout and Berzelius ; first, with regard 
to the frequency and to the form of urate of am- 
monia; and, secondly, with regard to the nature 
of the substance with which it is occasionally co- 
loured. Dr. Prout believes that the urate of am- 
monia exists as such always in the urine ; and that 
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it forma an amorphous eediment, which is occasion- 
ally tinged with diifereut shades of pink in conse- 
quence of the formation of purpurate of ammonia, 
which ia produced by the action of nitric on uric 
acid. 

Whilst Berzeliua thinks that the urate of am- 
monia is not generally present; that when it is so, 
it forms, when crystallized, large angular crys- 
tals ; and that usually uric acid exists in the urine, 
which has some peculiar power of holding it in 
solution : and he also thinks the occasional colour 
does not arise from purpurate of ammonia, but 
from somo modification of the ordinary colouring 
matter. As these questions have been much dis- 
puted, I will give Eerzelius's words in an appendix. 

With regard to the colour, I think the arguments 
of Berzelius are very sufficient; but on the other 
question, during the last five years in which I have 
constantly examined such sediments in St. George's 
Hospital, I have much more frequently found that 
the red sediment is redissolved by heat alone, than 
. Berzelius appears to have found it. At any rate, a 
sediment soluble by heat alone is that which most 
frequently occurs in London ; it is more rarely that 
the sediment is met with which is soluble in alka- 
lies but not by heat alone ; and the statement of 
Berzelius, that the more distinctly crystals can be 
recognized, the more impurity there is from bases, 
does not at all agree with the observations I have 
made with the microscope, using a high power, 
b2 
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nor with the microscopic drawings given by Dr, 
Prout of uric acid and urate of ammonia, nor witL 
those of Dr. G. Bird in the Gu/s Hospital Reports 
for April, 1842, in which there is a statement, that 
uric acid crystallizes in eight different forms. This 
must lead to the supposition that uric acid alone 
was not examined, but also some combinations 
of it with other substances, which have not been 
distinguished. 
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CHAPTER II. 

ON THE PRODUCTION OF UBIC ACID FROM THE 
ALBUMINOUS TISSUES. 

Bt the albuminous tissues are to be understood 
those, which consist of a substance, -which when 
aualyzed shews that it contains nearly the same 
elements in an hundred parts as albumen does ; or 
in other words, which can be represented by nearly 
the same formula as the albmnen of the blood, or 
white of egg ; these tissues, like albumen or fibrin, 
consist of protein combined with sulphur, phospho- 
rus, and phosphate of lime, and like these, they 
may undergo metamorphosis; thus, the muscular 
tissues may be supposed in the living body to divide 
into other substances, as albumen or fibrin might do. 

ALBUMEN OR FIBRIN. 




The ultimate products being the result of the 
action of oxygen on those substances which were 
first produced. 
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Now this diagram may be also taken to repre- 
sent the production of the urate of ammonia from 
the albuminous tissues, and in it the second or 
lower products shew the substances which may ap- 
pear in the secretions when oxygen can act on the 
first products ; the urea, sulphuric acid, and phos- 
phoric acid being thrown out by the kidneys, and 
the carbonic acid by the lungs. 

We can have no idea of life continuing without 
perpetual change, which is evident from the never- 
ceasing muscular action, respiration, secretion, and 
absorption. The constant production of uric acid 
is a consequence of these changes. The albuminous 
tissues gradually divide into different substances, 
some useful, others useless, and these last are re- 
moved from the body, though for their more easy 
removal they may, as in the ease of uric acid, under- 
go further changes. At present we must consider 
the uric acid as arising directly from the albumin- 
ous tissues, that is, without any other substance be- 
ing previously formed, from which the uric acid is 
afterwards produced. We have, as yet, no proof of 
a previous stage. 

The causes which hasten or retard the changes 
which occur in these albuminous principles in the 
body, render a statement of Professor Liebig's views 
necessary. He considers, that the cause of change 
in the albuminous substances is the chemical action 
of oxygen, which takes place only when the resist- 
ance which the vital force of living parts o]i))osea to 
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tbis chemical action is weaker than that chemical 
action itself. 

This vital power requires for its manifestation a 
high temperature, and is diminished by muscular 
motion, p. 243 ; so that in equal times, and tempe- 
ratures, the amount of change in the albuminous 
tissues may be taken to be directly projiortional to 
the amount of muscular action, p, 245 ; and in 
equal times, with equal muscular action, if we sur- 
round a part of the body with ice or snow, there 
occurs more or less quickly, in consequence of the 
loss of heat, an accelerated change of matter, p. 252. 
We may indirectly promote change by hastening 
the formation of the ultimate products from these 
tissues. This may be done by increasing the action 
of the oxygen, by increasing the blood globules, and 
by abstaining from non-azotised food, also by giving 
alkali to promote the formation of bile (or choleic 
acid), and by giving an excess of albuminous food, 
which may supply the waste of the tissues, p. 259. 
The oxygen of the atmosphere is the proper active 
external cause of the waste of matter in the animal 
body ; it acts like a force which disturbs, and tends 
to destroy the manifestation of the vital force at 
every moment. The resistance which the vital 
force opposes to its action is very different in dif- 
ferent stages of life, and varies with all the differ- 
ent states and circumstances in which the body is 
placed ; and when the opposition ceases, the phe- 
nomena of death ajjpear when the oxygen combines 



THE CHANGES WHICH OCCUR 



with all tlie tiasues of the body according to the 
affinity which it has for the different Bubstancea of 
which they consist. 

These are the views of Professor Liebig, from 
which it follows that the less resistance the vital 
power makes to the action of oxygen, the greater 
will be the amount of change, and the more uric 
acid will be produced in the albuminous tissues ; 
and the resistance being diminished by muscular ac- 
tion, and low temperature, these will also jiroduce 
an excess of uric acid. By overcoming the resist- 
ance by increasing the amount of oxygen, the same 
effect will be produced. So that much oxygen, a 
low temperature, and much muscular exertion may 
be looked on as the causes of an excessive produc- 
tion of uric acid from the albuminous tissues. 

Fi-om this it follows, if the uric acid underwent 
no change, but appeared in the urine in the same 
quantity as it was formed in the albuminous tissues, 
that our object would be to increase the resistance 
of the vital principle, and to lessen the action of 
oxygen; but though in the treatment of the uric 
acid diathesis it is of ])rimary importance to increase 
the resistance of the tissues to the action of oxy- 
gen by avoiding all that tends to reduce the vital 
powers, and by tonics, and sometimes even by stimu- 
lants ; yet it will be shewn to be even more impor- 
tant to promote further changes in tliose substances 
which arise from the tissues, that is, to effect a 
change in the uric and choleic acide ; and that a de- 



IN TpE ALBUMINOUS TISSUES. 9 

posit containing uric acid can rarely occnr as a con- 
sequence of excessive changes taking place in the 
albuminous tissues, for whenever there are very 
rapid changes a large quantity of oxygen will usually 
be absorbed, which will effect a further change on 
the uric acid, which results from the action on the 
tissues ; and the metamorphosis of the uric acid will 
be more ready and complete, the greater the quan- 
tity of oxygen present. 

If oxygen be in excess, uric acid will no longer 
appear in the urine, but urea will be formed in 
large quantities. We have an actual proof that no 
uric acid appears in the urine when there is ex- 
cessive change of the tissues in carnivorous animals 
wliich live on albuminous principles alone, and ab- 
sorb much oxygen, and whose urine yet contains no 
uric acid ; although in these, as Professor Liebig 
has pointed out, the changes in the tissues, in order 
to support the fiinction of respiration, must be far 
more rapid and extensive than in man or in grami- 
nivorous animals. So that in carnivorous animals, 
though the greatest quantity of uric acid must be 
supposed to be produced in the albuminous tissues, 
yet, in consequence of the changes which it under- 
goes, by means of the excess of oxygen in the sys- 
tem, none of it appears in the urine. 

This is far otherwise in those carnivorous animals 
which take in little oxygen, or in which the oxygen 
is prevented acting on the uric acid in consequence 
of an excess of non-nitrogenous food being eaten. 
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This is Been in the boa conetrictor, which makes use 
of sca.rcely any voluntary muscular action, and is 
kept in a warm atmosphere ; a considerable quantity 
of uric acid is produced by the changes in the tis- 
sues, whilst in consequence of the small quantity of 
oxygen which is absorbed, no further change takes 
place, and all the uric acid appears as urate of am- 
monia in the urine. Some urate of ammonia, un- 
der almost all circumstances, appears in the urine of 
man, in consequence of the quantity of non-nitroge- 
nous substances in his food, and the supply of fat 
which exists more or less in all renders it almost 
impossible for that excessive action of oxygen to 
take place, by which all the uric acid is changed 
into urea, excepting indeed in some diseases, as 
scurvy, or phthisis ; though perhaps from the great 
vascularity of the muscular tissues, it may be sup- 
posed that all the uric acid which arises from their 
metamorphosis becomes changed into urea, and so 
possibly none of the uric acid which appears in the 
urine may be derived from this source ; or perhaps 
only when the blood is excessively loaded with non- 
nitrogenous principles on which the oxygen acta 
more readily (from the vital power oflfering less re- 
sistance) than it does on the tissues of the body or 
on the highly nitrogeniaed uric acid : indeed, whilst 
the non-nitrogenous principles exist in the blood in 
excess and undergo those changes which render 
them fit for the process of respiration, no excessive 
action of oxygen on the albuminous tissues can take 
place. 
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Thus Professor Liebig considers that alcohol may 
hinder the changes in the tissues of the body ; and 
muscular exertion has been used as a means of cure 
in that state of system which arises from the exces- 
sive use of alcohol. Whilst then an excess of the 
non-nitrogenous principles exist in the blood, if a 
large amount of oxygen be absorbed this will not 
cause a rapid change in the tissues, nor thus give 
rise to an excess of uric acid. And usually, when 
an excess of oxygen is present in the blood, before 
it acts on the tissues it would first effect changes 
in the uric acid, so that though the urine would 
have a higher specific gravity than usual, and an ex- 
cess of urea would exist in it, still no deposit of uric 
acid would take place, it having all undergone a 
fiirther change from the action of oxygen. This is 
seen in phthisis,* which disease Professor Liebig 

* This view of some connection between phthisis and exces- 
sive action of oxygen was published by Dr. Beddoes in 1793. 
He says, " Is there not an excess of oxygen in the system of con- 
sumptive persona f" May not pregnancy retard consumption in 
consequence of the foetttl aeration depriving the general system of 
some oxygen? The clearness of skin in persons disposed to 
phthisis is a general observation. Fourcroy tried the inhalation of 
oxygen in twenty patients, who became much worse, whilst Priestly 
mentions some cases in which great benefit was derived from in- 
halation of carbonic acid. These form Dr. Beddoes's chief argu- 
ments ; to which might be added the usual disappearance of all 
fat ; the state of the appetite, the activity of the brain, the bene- 
fit derived from a milk diet, from cetaceum, from the popular 
remedy of lard and milk, from Iceland moss, and karrigeen. 
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thinks is induced by an excessive action of oxygen 
on the different tissues of the body, and in phthisi- 
cal patients, a deposit of uric acid or urate of am- 
monia is very rare, probably in consequence of the 
excess of oxygen acting on the uric acid before it 
attacks the tissues. So that although the uric acid 
is formed from the albuminous tissues, and in greater 
quantity when the amount of action of the oxygen 
is greatest, still then the uric acid itself will also be 
acted on by the oxygen, and no deposit of this sub- 
stance will appear in the urine. 

The injury which results from any lowering cause, as excessive 
mental or bodily exercise, from a course of mercury, from insuf- 
ficient food ; ilU direct ua to some relation between phthisis and 
the excessive action of oxygen. A vi-ant of power to render the 
non -nitrogenous suhstances which are taken as food serviceable 
for respiration may at some future time be found to be a cause 
of this disease. 
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ON THE PRODUCTION OF URIC ACID FROM THE 
GELATINOUS TISSUES. 

Professor Liebio states, that the changes which 
these undergo must be at their surface only. This 
cannot apply to the skin, though it does to other 
membranous tissues, to which a smaller quantity of 
oxygen is taken ; and in these it must be expected 
that the changes should proceed more slowly, than 
in the more highly vascular tissues ; and if any- 
where the uric acid after its production underwent 
no further change, we should expect it to be in 
these tissue in which but little blood circulates, 
whenever the small quantity of oxygen which they 
receive happened to be lessened. Now it is in the 
cellular tissue around the joints, in the cartilages of 
the joints themselves, and more rarely in the sub- 
stance of the skin, or thrown out as a powder on its 
surfaee, that urate of soda has actually been found. 

This is actual demonstration of uric acid, formed 
by the changes which take place in these tissues. 
It does not occur always, because usually there is 
sufficient oxygen to change it into a more soluble 
substance, and thus to enable it to be removed ; but 
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when from long contJnned excess, and from little 
exercise, the oxygen does not act, then the urate of 
soda remainR as a deposit. 

The gelatinous tissues diifer so much in the com- 
position of 100 parts from the albuminous or fibri- 
nous tissues, that it is impossible that they can be 
changed into the same constituent substances. But 
the composition of chondrine differs only from that 
of albumen, in containing more oxygen. So that 
in certain states of the system at Iea;st, it may be 
supposed that cartilage and albumen undergo the 



The formula which Professor Liebig gives as cor- 
responding most nearly to the analysis of gelatine 
is, Ca^NgHajOiK, deducting from this one equivalent 
of urate of ammonia CioNjH^Oe, there remains 
CaHjoOs. But the formula for fat is Ca,H„Oa. 

So that we may suppose that gelatine, by giving 
up four atoms of oxygen, might be converted into 
urate of ammonia and fat; this may be represented 
thus; — 



Gelatine = C„NiH„0„^_ jC.oNsHA ' 
-4 Oxygen = — O^ / \Cb, H^iO, = 



Urate of Amm. 



Urate of Ammonia. 



Oxygen, 



A similar result to the alx>ve is obtained by 
taking the formula C^sH„NfjO|„. In which the 
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carbon is taken at 48 instead of at 32 aa in the 
first formula. 

The fonnula for chondrine differs from that for 
albumen or fibrin, only in containing more oxygen, 
if we omit the exceedingly small quantities of phos- 
phorus and sulphur; and therefore, if apart of its 
oxygen be sejiarated from ciiondrine, we may sup- 
pose it to be capable of change into choleic acid, 
and urate of ammonia, thus: — 

Chondrme= C«H«N,03„-. fCi„H, N,0, - Urate of Amm. 
—3 Oxygen = — O3 / = lCaHi,NO|, = J Choleic acid. 

CaHJ^.O,, C„H^,0,j 

or by diagram, thus : — 

Chondbinu. 



Urate of Ammonia. Oxygea, Choleic acid. 

Whether this metamorphosis and giving off of 
oxygen from the gelatinous and cartilaginous tissues, 
always takes place in this way when the body is in 
the state of health, is not known ; but it is known 
for certain, that the uric acid is actually found in 
those who are gouty, in whom there is a want of 
oxygen to effect the changes which are required; 
and that the gelatinous and cartilaginous tissues in 
these circumstances should part with the oxygen, 
and thus give rise to these products, is in the highest 
degree probable. Perhaps in the state of health 
the following diagram may represent the changes in 
the gelatine. 
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Gelatine = C„NiH„0„ 
4 Water = H.O. 

2 Oxygen = Oj 



, H»,0, = Pat. 
N H3 = Ammonia. 
C. N,H, O, = 2 Urea. 

Ou = 6 Carbonic acid. 



C„N,H„0„ C„NsH„0„ 

That is, gelatine, with the addition of four equi- 
valents of water and two of oxygen, may be con- 
verted into fat, ammonia, urea, and carbonic add ; 
and the occurrence of fat in the cellular tissue may 
perhaps be regarded as rendering this view more 
probable. The chondrine, also containing more 
oxygen than albumen, would require leas oxygen, in 
order to undergo the same metamorphosis as the al- 
bumen does when it obtains a larger supply of oxy- 
gen. We arrive then at the conclusion, that at 
least, whenever an insufficient quantity of oxygen is 
present, uric acid may be produced by the meta- 
morphosis of the gelatinous tissues. 



CHAPTER IV. 



ON THE CHANGE WHrCH THE URIC ACID UNDER- 
GOES AFTER ITS FORMATION, 

It haa been shewn, that uric acid may be pro- 
duced from the gelatinous, aa well as from the 
albuminous, tissues ; that from the changes which 
take place in the tissues, uric acid may be formed. 
If it were possible for all the uric acid which Is 
formed to be excreted without undergoing any ftir- 
ther change before it is thrown out, then the amount 
of change in all the tissues might be indicated by 
the amount of uric acid thrown out of the body, and 
we could only lessen the quantity of uric acid which 
might be excreted, by hindering the changes which 
take place in the tissues ; and thus only could we 
prevent the uric acid diathesis. But the uric 
acid being a substance extremely complicated, by 
the action of oxygen and heat, readily undergoes 
changes, by which it is converted into substances of 
comparatively great solubility, which are" conse- 
quently with much greater ease removed from the 
body. 

Professor Liebig shortly states some of the 
changes which uric acid may be made to undergo 
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out of the body, thus : " When uric acid is sub- 
jected to the action of oxygen, it is first resolved, as 
IB well known, into alloxan and urea ; a new supply 
of oxygen acting on the alloxan, causes it to resolve 
itself either into oxalic acid and urea, or into ox- 
aluric and parabanic acids, or into carbonic acid and 
urea. This may be represented by the following 
diagram. 

Uric acid = C|„N,H,0(1 

4 water = 

2 oxygen = 



HhO' > = 



C,„N,H80,; 
which equal 

C. Ob 



[CsN,H.Oio- 
I^CjNjH.O, = 

C,JJ,H,0|, 



■■ alloxoa 



ireal 

I 2 eq. urea 



C„N,H,0„ 

But CsOa +0 = 3 CC3OJ 

= 3 oxalic acid, 
and CsOs + 0. = 6 (CO,) 

= 6 carbonic acid. 

From tliia it is seen, that if four equivalents of 
water and three equivalents of oxygen are added to 
uric acid, it may ultimately divide into urea and 
oxalic acid ; and if four equivalents of water and 
8ix of oxygen are added, it may divide into urea and 
■ ■carbonic acid. So that if a full quantity of oxygen 
ii given to the uric acid, carbonic acid and urea may 
be obtained ; if a smaller quantity, oxalic acid and 
urea; and if none is given, the acid remains un- 
changed. 
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Such changes can be etFected in the laboratory, 
by Bubraitting uric acid to heat, oxygen, and water ; 
and it is by these three agents that similar changes 
are effected in the body. Even long exposure of 
impure urate of ammonia to the action of the 
oxygen of the atmosphere seems to effect a change 
of the uric into oxalic acid. Thus guano, the 
excrement of eea birds, when in a fresli state, 
was examined by Dr. Fownes, and it contained 
oxalate of ammonia ■with a trace of carbonate, 
undecOmposed uric acid, bro^ra organic matter, 
and water : a second quantity was examined also, 
and found to contain oxalate of ammonia with a 
little carbonate, organic matter, and water. It con- 
tained no uric acid. " The last specimen," says Dr. 
Fownes, p. 37 of the Proceedings of the Chemical 
Society, May 17th, 1842, " is evidently older and in 
a more advanced state of decomposition than the 
other. The presence of a large quantity of oxalate 
of ammonia is a curious fact, and was early noticed. 
There can be no doubt that this substance owes its 
existence, in some Way or other, to the uric acid 
contained in the excrement of the sea birds. We 
can easily imagine that in this ma''s of putrefying 
substance, kept in a moistened state by the dews of 
night, a decomposition of a peculiar kind may be set 
up in the uric acid, and its gradual conversion into 
new products, among which may easily be oxalate 
of ammonia, effected perhaps somewhat after the 
following fashion : — 

c 2 



THE CHANGES WHICH OCCUR 



Uric acid 



Og =: 2 eq. oxalic acid. 



». H. 0,-1 
Oj <■' 



- l' H.N, = 2 



Oa = 1 carbonic acid. 



This view, it must be remembered, is merely bypo- 
tbetical ; but it is borne out by the facts." The 
oxygen is by far the most important agent in tliese 
changes ; and we owe mucli to Professor Liebig for 
redirecting attention to it. He has shewn, that the 
quantity inspired varies with the temperature, dry- 
ness, and density of the air : and that it is carried to 
all parts of the body is rendered certain by the 
experiments of Magnus. 

Professor Liebig has also shewn, that the waste 
of matter and the production of animal heat are 
both dependent on the absorption of oxygen. The 
water is both necessary to furnish its elements for 
the production of alloxan and urea, and also to keep 
those substances which are formed in such a state as 
may enable the oxygen to act on them most readily, 
whilst the heat renders the chemical changes more 
rapid and more complete. In the state of health, it 
would seem that these agents are in such quantities 
as to be sufficient to change the greater part, or 
even all the urie acid ; but in general only the 
greater portion has undergone these changes, as a 
small quantity of uric acid, compared with the quan- 
tity of urea, is obtained from human urine. But at 
other times these agents may not be in sufficient 
quantity, and this applies chiefly to tlie oxygen, be- 
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cause it is scarcely possible for water to be deficient 
ill any organic body ; and as regards heat, we find it 
to be nearly constant in man under all ordinary cir- 
cumstances. So that when there is a want of 
change in the uric acid, it may in almost every case 
be taken as the sign of a deficiency of oxygen ; and 
this may be regarded generally as the cause of the 
uric acid diathesis ; though if ever the quantity of 
water is insufficient to keep the urie acid in solu- 
tion, the quantity of deposit will increase. 

We are now able to see on what the quantity of 
uric acid which is actually thrown out of the body 
depends ; for it is not possible for the uric acid to 
vary, excepting, 

Ist. With the quantity produced in the body. 
2ndly. With the quantity changed before it is 
throvra out. 

And supposing none to be changed, or the quan- 
tity changed to be constantly the same, then the 
quantity thrown out by the urine will vary directly 
as the quantity produced by the metamorphosis of 
the tissues. If, on the contrary, we suppose the 
quantity produced to be constantly the same, then 
the quantity thrown out wiil vary inversely as the 
quantity which undergoes a change in the body ; 
because the more uric acid that is changed, the less 
will remain to he thrown out. 

I have endeavoured to shew, that if ever there 
i ehould bo au excessive production of uric acid in 
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consequence of a rapid change in the tissues, result- 
ing from an excessive quantity of oxygen, then, 
when the oxygen is in excess, the whole of the uric 
acid which is produced will be acted on and 
changed, as has been shewn, into urea and carbonic 
acid ; and, therefore, no deposit will appear in the 
urine when an excessive quantity of uric acid is pro- 
duced, by meaus of an increased action of the 
oxygen on the tissues ; so that we have generally to 
consider only the quantity which is changed in the 
Ijody, as influencing the quantity of uric acid in the 
urine ; and this general law may be thus stated : 
the quantity of uric acid which is thrown out of the 
body varies inversely with the quantity which under- 
goes a change in the body. 

On looking to the agents which effect this change, 
it is seen, that oxygen is the most absolutely neces- 
sary, and that the other agents, the heat, water, and 
alkali, are chiefly useful, inasmuch as they enable 
and promote the action of the oxygen on the uric 
acid in the body. Thence it may be concluded, that 
the quantity of uric acid which is thrown out varies 
inversely with the amount of action of the oxygen ; 
and thus the problem of the cure of the uric acid 
diathesis depends, tonics being excepted, on the 
question, how the uric acid in the body can be most 
acted on by oxygen, how it can be changed into 
urea and carbonic acid. It appears that this may 
be done — 
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Ut. By giving a large supply of oxygen, 
as by exercise, 
by cold air, 
and by medicine, as nitrous oxide water and iron,< ' 

2ndly. By diminishing the quantity of other sub-, 
stances, on which the oxygen acts more readily thaa 
on the uric acid ; that is, substances consisting of 
hydrogen, carbon, and oxygen only ; 

as by abstaining from these as food, 
by removing them by aperients, 
and by sudorifics. 

Srdly. By keeping all the uric acid which is pro- i 
duced in solution, 
by water, 
and by alkalies. 



I shall say a few words on each of these points, 
quoting such parts of Professor Liebig's book as I 
think sufficient ; but I would refer the reader to the 
book itself, which will repay the study which may 
be given to it. And, Ist. An increased amount of 
oxygen may be taken into the body by exercise, be- 
cause " the consumption of oxygen in equal times i 
may be represented by the number of respirations," 
and " the number of respirations is smaller in a state I 
of rest than during exercise or work." So that th« J 
amount of oxygen which is absorbed is least when 1 
sleeping, and greatest on exertion. The same may 
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be effected in a smaller degree by cold air ; " for air 
is expanded by beat and contracted by cold, and, 
therefore, equal volumes of hot and cold air contain 
unequal weights of oxygen." 

It is in the highest degree probable that the 
amoimt of oxygen may be increased by means of 
nitrous oxide. Professor Graham states, that when 
in solution, it possesses none of those stimulating 
properties which it exercises when absorbed as a gas. 

By Professor Liebig's theory of respiration, the 
red globules are the carriers of oxygen, and the 
number of these may be increased by some prepara- 
tions of iron. Hence it may be supposed, that iron 
may occasionally be an agent in increasing the 
amount of oxygen which is taken to the capillaries, 
and thus a part of the great benefit which is some- 
times derived from such tonics in the uric acid dia- 
thesis must be explained ; though more may per- 
haps be gained by these medicines rendering the vital 
powers more capable of resisting the action of the 
oxygen on the tissues of the body. 

2ndly. The action of oxygen on the uric acid may 
be increased by lessening the compounds of liydro- 
gen, carbon, and oxygen in the body ; and this may 
be done by abstaining as much as possible from that 
food which Professor Liebig calls non-nitrogenised, 
or, the " elements of respiration." These sub- 
stances serving for the support of the animal heat 
combine with oxygen readily ; and thus, when exist- 
ing in considerable quantities in the body, they bin- 



IN TUE UKIC ACID. 



25 



[er the action of the oxygen on the uric acid, which 
■would otherwise be changed into urea and carbonic 
acid. So that when these principles exist in the 
body in great quantity, the uric acid does not un- 
dergo any change. These principles in Liebig's 
table are. 



Fat, 


Sugar of milk. 


Starch, 


Pectine. 


Gum, 


Bassorine, 


Cane sugar. 


Wine. 


Grape sugar, 


Beer. 



Those which are Uquid, or are capable of being 
dissolved, as gum, sugar, pectine, wine, and beer, as 
soon as they are taken into the stomach, are ab- 
sorbed by the veins ; whilst those which are inso- 
luble, as the starch and fat, must become dissolved 
before they can lie taken in ; and this is effected in 
the starch, by its being changed into sugar and ab- 
sorbed by the veins ; and in tlie fat, probably by its 
combining with an alkali from the bile, and being 
carried in by the lacteals. 

The starch forms a very considerable part of our 
food. It begins to change into sugar when it is 
taken into the stomach, and by degrees the whole is 
rendered soluble. The time this occupies varies 
with the state of the stomach (the mucus of which 
is the catalitic agent which effects this change), and 
with the quantity of starch. Usually it continues 
only a few hours after a full meal, and therefore, 
during this time, the quantity iu the blood is larger 
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than at other times. Hence probably it is, that 
there is then less action on the iiric acid, and we 
consequently find the greatest deposit of uric acid, 
or the urates, takes place after a large meal, and 
continues for some hours. The oxygen may act on 
the sugar and fat, and convert them into carbonic 
acid and water, or these substances may first under- 
go some fiirther change before they combine with 
the oxygen. 

Professor Liebig seems to think that this is the 
case in graminivorous animals, and that the liver is 
the organ by which it ia effected. Perhaps more 
accurate observation of that disease in which the 
sugar, from some cause not undergoing any change, 
is thrown out unoxydised in the urine,* and of that 
somewhat analogous disease which produces the 
cystic oxide calculus, in which frequently fat ap- 
pears in the urine, and a large quantity of sulphur, 
carbon, and hydrogen passes off uncombiued Avith 
oxygen, may hereafter throw some light on this 
point. How many substances exist in an unoxy- 
dised state in the cystic oxide calculus, may be seen 
from the following hypothesis of its composition. 



* And it is worth obaerving, that many have considered thia 
to be a disease of the liver ; Dr. Willis saya (Urinary Diseases, 
p. 220) : " llie bile would seem to have been remarkably imph- 
cated in every ease, for this fluid, when particularly examined, 
h&s always been found to poaeess acid instead of its natural alka- 
line re-action, and to be of a very pale yellowish colour, and pe- 
culiarly fluid." 
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■ 4 AbnoB of cystic oxide = 4 (C, N Hj O, S,) 

which equal 
C„ Nj H, O. =1 atom uric acid. 

Hg Sa = 8 atoms sulphuretted hydrogen. 
C« Hj =2 atoms carburetted hydrogen. 

Cu HipOju = 2 atoms lactic acid. 



C«N, H„0„Sb = 4 (C,N HoO^SJ 



These substances require no less than 68 equiva- , 
lenta of oxygen to convert them into such as are i 
formed in the healthy state ; that is, 32 equivalenta 
of oxygen to change the sulphuretted hydrogen inta 
sulphuric acid and water ; 6 equivalents to convert 
the carburetted hydrogen into carbonic acid and 
water; 24 equivalents combining with lactic acid 
to form carbonic acid and water; and 6 equiva- 
lents of oxygen and 4 equivalents of water being j 
required for the conversion of the uric acid into 1 
urea and carbonic acid. 

The next means which we possess for increasing J 
the action of oxygen, is by diminishing the quantity \ 
of those substances on which the oxygen acts, by ; 
aperients, and particularly hy those medicines which 
produce a secretion and evacuation of bile. Tho, I 
bile may be looked upon as consisting of highly car-. | 
bonaceous substances, which Professor Liebig con- 
siders to be re-absorbed into the system ; these, when 
acted on by oxygen, he supjwses partly to give rise 
to the animal heat. Other physiologists look on the 
excretion of bile as supplementary to the excretion 
of carbonic acid by the lungs ; thus Carpenter's 
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Physiology, p. 425 : " By the Hvor the carbon is ex- 
creted in the fonn of a fluid, whilst by the lungs it 
is thrown oiFin a gaseous form." 

There is a very evident connection between the 
amount of bile removed from the system, and the 
amount of uric acid in the urine. Thus we find in 
serjients, and some birds, which appear to throw out 
a very small quantity of bile, the urine which they 
pass consists almost entirely of urate of ammonia ; 
and we find in diseases of the liver, where little 
bile is thrown out, a large quantity of urate of am- 
monia is deposited in the urine. 

In rheumatism and gout, we find those medicines 
which act on the liver greatly lessen the deposit of 
urate of ammonia. Iji one case of deposit con- 
nected with disease of the liver, the urine became 
clear with each purgative dose of calomel : authori- 
ties might be multiplied on this point. Galen says, 
" Those are to be purged whose urine contains gra- 
vel or a sediment." 

Whether we agree with Professor Liebig, in think- 
ing that these medicines remove the carbonaceous 
substances from the bowels before they can be re- 
absorbed, or believe with others, that our medicines 
merely increase the quantity secreted and carried 
out, makes no difference in the fact, that by purga- 
tives we lessen the quantity of carbon in tlie blood, 
and thus we permit a freer action of oxygen on the 
uric acid. 

Those emetics which produce bilious vomiting 



IN THE L'RIC ACID. 



29 



act in exactly the same manner. We may also di- 
minish the quantity of non-nitrogenous compounds 
in the blood by sudorifics. For the perspiration 
contains probably both lactates and acetates, sub- 
stances which are compounds of carbon, hydrogen, 
and oxygen; — for acetic acid := C HjOg, and lactic 
acid ^= Cg Hj Oj ; the first, therefore, requiring ten 
equivalents of oxygen, and the latter twelve, to be 
converted into carbonic acid and water. By sudo- 
rifics these lactates and acetates are removed, unde- 
composed, from the blood, and thus the oxygen which 
would have been necessary to change them into car- 
bonates is left to act on the uric acid. The great 
benefit which is occasionally experienced from su- 
dorific medicines is not thus, perhaps, sufficiently 
accounted for, because the quantity of these sub- 
stances which can be removed by perspiration can- 
not be supposed to be very great. 

Perhaps we may hereafter find reason to believe 
with Liebig, that oxygen actually diffuses itself 
through the skin into the blood, in the same way 
and at the same time that the carbonic acid diffiises 
itself through the skin into the air ; and this excre- 
tion of carbonic acid would be greatly increased 
when the membrane is moist, on account of the 
solubility of that gas in water. 

This view of the absorption of oxygen by the skin 
is not new. I find it in an Essay on Bathing, by 
Sir A. Clarke, 1820, in a note, p. 101 : " Some 
writers and practitioners are of opinion, that the 
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cutaneous vessels, particularly of those parts of the 
body which are exposed to the air, absorb oxygen 
from the atmosphere, which causes, in some con- 
stitutions, eruptions of the skin." 

But this diffusion of oxygen through the skin is 
as yet by no means generally allowed to exist, al- 
though in Henry's Chemistry, Vol. II, p. 358, it is 
said, " If the band be confined in a portion of atmo- 
spherical air or oxygen gas, it has been ascertained 
that the oxygen disappears, and is replaced by a 
portion of carbonic acid." 

3rdly. The uric acid may be acted on in an in- 
creased degree, by keeping it in solution ; and this 
must be done from the time of its production in 
the ultimate tissues. We must distinguish between 
that good which the water effects by holding the 
uric acid in solution in the capillaries of the body, 
and that apparent good which is effected by hold- 
ing the urate of ammonia in solution in the urine, 
and thus occasionally preventing those deposits 
which errors of diet might occasion. Some might 
think this sufficient, but in speaking of stone it will 
be shewn, that it is not only of great consequence 
to prevent sediment, but even to remove, if possible, 
any excess from solution, inasmuch as a solution 
which is nearly saturated with urate of ammnnia 
will give a deposit as soon as any nucleus is formed. 
That the action of oxygen on substances in solution 
is much greater than nn solid substances, is a con- 
sequence of the far larger surface and much greater 
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closeness of contact, into which the particles can be 
brought when in solution ; and the insolubility of 
uric acid in any dilute fluid, except alkaline water, 
renders it the only liquid which can be used. 

It is in the use of some medicines which act as 
alkalies that the most decisive proof of the power 
of the oxygen to combine with non-nitrogenous 
suhstances in the blood is seen. Thus we give by 
the mouth, cream of tartar = Ca H^Oin + KO + HO, 
it passes through the blood, and we find in the urine 
CaOjfl + KO+ HjOfl; that is, it has been changed 
into carbonate of jiotash and water, which could 
only take place by its combining with 10 equiva- 
lents of oxygen which have heen inspired ; for it will 
hereafter be shewn, that the same change takes 
place when a solution of this substance is absorbed 
by the skin ; thus shewing that the change does not 
take place in the stomach. Sulphuret of potassium 
also, when given by the mouth, was found in the 
urine by Woehler in the form of sulphate of potash. 
We may even, perhaps, consider the change of ben- 
zoic acid into hippuric acid as a procsss of oxid- 
ation ; for benzoic acid with urea and oxygen eon- 
tains the elements of hippuric acid, carbonic acid 
and water. Thus — 



2 Benzoic acid = 



Urea 
48 Ojcygeo 



c^ 


Ha,0.,- 


fC,N 


H,.0„ 


C,N 


H,0, . 


= 0, 


o„ 




oj 


I 


H,0, 



= 2 Hipp. acid. 
= 22Carb.acid. 

= 8 Water. 



CisN; H«0« C(^, H;.0„ 
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or if we suppose the benzoic acid to combine with 
ammonia and oxygen thus — 



Benzoic acid = ( 
Ammoiiia = 
34 Oxygen = 



B H,oO,l rC^NHaOs =H1 
0,„J I Hs O, = 5 



ppur. acid. 
= lOCarb.Rcid. 



Cj,N H^Os, 



Citrates and acetates, when given by the mouth, 
are found to be changed by the action of oxygen into 
carbonates, and in this form they appear in the 
urine ; and on this account, these salts of the vege- 
table acids are found to be equally efficacious as the 
carbonates or free alkalies, in effecting a change in 
the urine; whilst sometimes these disagree far less 
with the stomach than potash or soda. It is pos- 
sible, that in the blood all alkalies combine with the 
albumen, and that it is this compound dissolved in 
the water of the blood, which keeps the uric acid in 
solution in the capillaries of the body. The more 
alkaline the water is, the greater will be its power 
of dissolving the uric acid ; any large excess of water 
which may be taken into the blood rapidly passes 
off by tlie kidneys, and keeps in solution whatever 
urate of ammonia may have passed off unchanged. 

Professor Liebig seems to think, that the appear- 
ance of uric acid in the urine of different animals 
varies with the quantity which the animals drink ; 
but perhaps it may more generally he stated thus, the 
signs + and — ■ being taken for " mucli " and " lit- 
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tie " respectively, and the sign = for " are caused 
by,** then, 



}C -^ / r + NoQ-nltrogeniied food. 

1 + Noo-nitrogeooiu princiidei. 1 f \ — Secretion of the liTer. 
.< I . ' L— Seaetlon of the iktau 



nr THB URiNB. iir thb blood. 

+ Uric add or „ __ 

Oxygen. f I ^— Exerdae. 

SolTent J L ^ Water and alkali. 

and, 

Iir THB VBINB. IN THB BLOOD. 

f "If f— Noo nitrogenous food. 

- Uric add or \_/- Won-tkroBWo*. printeiplea. I | \ -^^^^Sl ^ SSSC' 



urates. 



}— < f— , ^ +icieeretion 

' I + Oxygen. J I + Exerdae. 

L+ Solvent. ^ ^ + Water and alkali. 



'— I L +fSeeretion of the skin. 



Though other things remaining the same, no 
doubt the quantity of uric acid deposited will vary 
inversely with the quantity of water. * 

* Accor(£ng to Mr. Bowman's theory, the Malpighian bodies 
«X6rete the ebtcess of water. Hence thehr size mi^t be some index 
of the general r6ktr^ exeess of water which (fiffsrent animals throw 
off, and thus also, under certain circnmstaxiees, of the quantity 
of uric acid. Taking the mean diameter in the order of size, we 
have, horsey^ of an inch, lion^^^, man y}^, boa-^J^, parrot 
•j4v It is curious, that the horse and lion excrete no uric acid, 
man in ft state of health a little, and the boa a large quantity. 



CHAPTER V. 



OS THE TREATMENT OF THE UHIC ACID DIATHESIS. 



It remains now to apply these principles to prac- 
tice in those cases which may be comprehended 
under the term uric acid diathesis ; and first with 
regard to exercise. This should be always regu- 
lated, as far as is poRsihle, hy the fatigue produced. 
That which causes perppiration, in addition to the 
actual benefit gained thereby, always evidences con- 
siderable exertion, and, consequently, increased re- 
spiration. Hence exercise which produces perspi- 
ration is the most beneficial; and this the more 
so the colder the air is, because thereby a greater 
amount of oxygen is absorbed. From this we can 
Judge of the value of different kinds of exercise, 
always stopping short of great fatigue, which might 
depress the vital powers, so as to admit of the pro- 
duction of an excess of uric acid. It was an ancient 
remedy to exercise the lungs by frequent respira- 
tions ; and it lias lately been recommended by Dr. 
Holland on entirely difierent views. The greatest 
benefit which can be derived from it is, by increas- 
ing the amount of oxygen which is absorbed ; and it 
is with this view that reading out loud may be 
recommended, in which, though the respirations are 
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few (something more than half tlie ordinary num- 
ber), still they are far deeper and more complete, 
and by them more oxygen is taken into the system. 

Sleep, tending as it does to render the respira^ 
tions as light and as few as possible, should be in- 
dulged in only so far as is necessary to repair the 
fatigue which exercise has produced. 

Hot rooms should be avoided ; but in warm 
countries and warm seasons, though we do not in- 
spire 80 much oxygen as in cold places and seasons, 
yet there is less inclination to take a large quantity 
of food, and the secretion of the skin is increased ; 
so that it is probable that these counterbalance each 
other, and in this respect tliere is little influence on 
the uric acid diathesis. 

Nitrous oxide water, known also as oxygenated 
water, is sold by most chemists in London, and it is 
the l>est diluent in these complaints.* Soda water, 
though sn frequently recommended because it is 
supposed to contain soda, very rarely contains any 
alkali, but consists of ordinary water, with carbonic 
acid forced into it ; so that, excepting for the quan- 
tity of water, it is in no way beneficial ; and in this 
respect it is not so good as ordinary fountain water, 
inasmuch as the atmospheric air suspended in the 
latter is better than the carbonic acid in the former. 
Water, containing nitrons oxide gas, is both bene- 
ficial for the gas as well as for the water. 

* Having been found beneficial when states of defective ox- 
ygenation exist. 

d2 
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By the various preparations of iron we may also 
increase the amount of red particles in the blood, 
and thus influence the quantity of oxygen which is 
absorbed. 

Perhaps the greatest practical benefit has been 
derived from the sesquioxide of iron ; and as, ac- 
cording to Liebig, it is in this state that the iron 
exists in the red colouring matter nf the blood, 
there seems to bo some reason why this medicine 
should be preferred to other preparations of iron; 
not, indeed, that it should bo given in the enormous 
doses which have been recommended, by which the 
whole intestinal canal becomes loaded, but in mode- 
rate doses, and in such a state as we know offers the 
least impediment to its absorjition ; that is, in the 
minutest state of subdivision. To effect this, it 
should be given newly precipitated from some solu- 
ble salt of iron ; as, for example, from the sesqi- 
chloride or per sulphate of iron, from which hydrated 
peroxide of iron may be formed by the addition of 
carbonate of ammonia or soda. Some, indeed, seem 
to think (and the endeavour to introduce new solu- 
ble salts of iron seems to countenance this view), 
that iron can be absorbed only when given in solu- 
tion ; but though we are unable to explain it, yet the 
fact is certain, that minute particles of mercury and 
iron can be absorbed. We may still agree with 
Sydenham, who says, ** I have been fully satisfied, 
by frequent experience, that the bare substance ]ier- 
forms cures sooner and more effectually than anv of 
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the common preparations of it; for busy chemists 
make this as well as other excellent medicines 
worse, rather than better, by their perverse and over 
officious diligence." 

I come now to the treatment by diminishing the 
non-nitrogenous principles in the blood, in which I 
would try to give rules which are founded on the 
principles of Professor Liebig's physiology. 

It has been shewn, that the substances which 
contain no nitrogen, by combining with the oxygen 
which has been inspired, hinder the action on the 
uric acid ; and it is highly probable that no albumen 
undergoes metamoqihosis until it has served the 
purposes of life. These are the first principles by 
which the practice must be governed ; and hence by 
fiir the most beneiicial diet is a moderate quantity 
of meat, with a much smaller quantity of bread. 
The kind and quantities of both must be regulated 
by experiment and consideration of the habit and 
exercise of the pjitient.* 

The quantity of starch in flour, as compared with 
animal food, renders it unsuitable to live only on 



• So mftny objections have been made against an animal diet, 
that it may be well to give Dr. "Wilaon Philip'e words in the 
sixth vol. of the Medical Transactiona, p. 212. He arrives at the 
foDowing conclusion from a number of experiments, viz.: "That 
a diet composed of a large proportion of animal food tends to 
lessen the depoaition of lithic acid, and to increase that of the 
Theory and practice seem at length likely to agree 
e long- disputed point of diet. 
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bread. Meat alone would be far more beneficial ; 
but in most people the process of respiration almost 
requires some substance which contains no nitrogen, 
though it should be taken in small quantities only. 
If the quantity of bread be small, the quantity of 
animal food may be proportioned to the exercise 
and tbe state of the body ; for thus the changes 
which are going on in the tissues will be repaired, 
and the oxygen, finding; but little non-nitrogenous 
suljstanee in the blood, will act more readily on the 
uric acid, changing it into urea and carbonic acid. 
Sugar and starch comprehend much the largest part 
of those substances in vegetables which can be 
alraorbed ; nitrogenous and oleaginous substances are 
present generally in small quantities, though the re- 
lative amount of these principles varies much in dif- 
ferent species. Thus potatoes and rice are amongst 
those in which most starch is found, and these are 
therefore most inadmissible, whilst in greens and peas 
there is much more nitrogenous matter, which in peas 
is similar to cheese. Fruits usually contain large 
quantities of starch and sugar : on this account 
ajiples and pears are most objectionable. 

Far more miimte rules for diet may be given 
when the Third Part of Professor Liebig's work 
appears, on " the analysis of all articles of diet, and 
the study of the changes which the raw food under- 
goes in its preparation." Then, for the first time, 
will it be in the jiower of the physician to prescribe 
a rational system of diet, wliich now, when the 
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patient possesses observation, is best left to his own 
experience. 

Among non-nitrogenous substances, fat must be 
included. If the formula for this is taken, as 
C,]HioO, then 31 equivalents of oxygen are re- 
quired in order to convert this into carbonic acid 
and water, and by taking this substance as food, so 
much oxygen is jireveuted from acting on the uric 
acid. Butter is only the fatty particles of milk, 
separated from the albuminous and watery parts : 
this must on no account be taken in excess. Gela- 
tine, which forma the principal constituent of soups 
and jellies, may be used as a partial substitute for 
meat ; but as the albuminous tissues cannot be 
formed from it, it cannot be entirely substituted for 
it without the strength filing. 

For drink, the oxygenated water has been men- 
tioned as best, then water which has been distilled, 
and therefore contains no substances whatever in 
solution ; and on this account it is, generally speak- 
ing, the best solvent ; that is, it can hold more in 
solution and remove more from the body than ano- 
ther water which, when drunk, already contains 
some substances dissolved in it. But this water 
cauuot be procured everywhere, and therefore it is 
desirable to point out how the best drinking water 
can be obtained. Some direct it to be filtered ; 
and this removes all the substances which are sus- 
pended in the water, but none of those which are 
dissolved in it. These cannot be stoiii)ed by the 
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filter, but they pass tlirocgli with the water. Others 
direct that the water should be boiled : this boiliug 
drives off carbonic acid gas which was dissolved iu 
the water, and gave it the power of holding car- 
bonate of lime (chalk) in solution ; so that by boil- 
ing carbonate of lime is deposited, and all other 
substances which were suspended in the water be- 
come more aggregated, so that they are more 
quickly and more entirely deposited. 

But neither this method nor that of Dr. Reid, 
who removes the free carbonic acid gas by adding a 
little more lime, causes any other salts of lime which 
may be dissolved in the water to be precipitated. 
To effect this, a few gi-ains of carbonate of potash or 
soda should be added to the water before boiling 
and the boiling should be continued for some mi- 
nutes. By this means, these salts of lime will be 
decomposed, and sulphate of potash and soda, or 
cliloride of potassium or sodium in very small quan- 
tities, will exist in the water after it has been filtered 
or the chalky sediment has been allowed to settle to 
the bottom. Good fountain water, or soda water, 
are far better than beer aud wine, which are objec- 
tionable for the spirit and sugar which they contain. 
The spirit is a substance which may be represented 
by C^HaO, and the sugar by C„H„Ou ; the first 
requiring 12 equivalents of oxygen, aud the last, 24, 
to convert them into carbonic acid and water. The 
excess of sugar and acid in home-made wines ren- 
der tlicm more injurions than foreign wines or spi- 
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rits, of which gin and whisky most certainly also 
retard oxygenation, yet, by producing an excess of 
water in the urine, they cause that deposit which 
arises from the want of action of the oxygen to be 
dissolvetl, and thus the evil which tbey and other 
substances occasion is for a time concealed. 

We can also diminish these non-nitrogenous 
bodies in the blood by aperients which act on the 
liver. These will be found more particularly useful 
when the deposit is dark-coloured ; indeed, the 
deeper the colour the less action there is of the 
liver. We see that when no bile is removed from 
the liver, the deposit is more deeply coloured than 
at any other time. Of such medicines, calomel, 
alue:^, colchicum, and colocynth are beneficial, both 
in large and purgative doses, and also when given 
in such a way as to increase the secretion of the 
liver. Hence the efficacy of blue pill as an alter- 
ative. A compound of aloes and colchicum was 
boasted of by Rhasis, " so far as to say that they can 
make such as are fain to ride to go on foot again." 
The use of these medicines as purgatives must be 
judged of by their effects and the strength of the 
patient. No general rule can be given other than 
that the stronger the jmtient, the more active may 
be the dose, and the longer it may be used ; but in 
all cases any continued course of mercury should be 
avoided, and perhaps it is as well to use it only in 
cases of necessity. That it prfimotes changes in the 
system, e\en more rai^idly than alkalies, is un- 
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doubted ; and from this its beneficial as well as in- 
jurious action results, and by tliis is explained why 
mauy have found air and exercise alone accomplish 
that for which a course of mercury liad been pre- 
scribed. 

SudorificB are occasionally given with great advan- 
tage. With regard to baths generally, their action 
may be considered to be on the nerves and on the 
blood, and on each the action is of two kinds : thus 
on the nervea there may be a stimulant or sedative 
action, and on the blood they are capable of remov- 
ing substances from it, and of enabling them to be 
absorbed into it. These modes of action depend on 
the state of the system, the temperature, and the 
substances which are dissolved in the bath. In one 
poiut of view the skin may be looked on as an ex- 
pansion of the nerves of sensation ; and by acting on 
the nerves of sensation, the whole system may be 
influenced. The following is a most interesting ex- 
treme case which admits of no other explanation : 
" On the 10th of April, 1777, we got near enough 
to Sandy Hook to make a signal for a pilot ; and 
when the gun was fired, although every possible 
precaution was taken to prevent the effects of the 
shock on the scorbutics, two of them died instantly." 
— Thompson on Scurvy, p. 81. 

The action of the bath on the nerves of sensation 
dejienda on its temperature at* well as on the state 
of the system : thus, in some states, a warm bath 
causes* irritati<in, and in nthcn* it acts as a sedative, 
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whilst the same is the case with cold applications ; 
and the greatest possible effect on the nerves is oc- 
casioned by a rapid change of temperature, as is 
practised in Russia, or by causing it to strike the 
nerves with force, as in the douche. The cold 
douche most rapidly cools down the part to which 
it is directed, and thus induces more changes in 
that part. Thus Liebig, p. 253, says : " Let us 
Bujjpose that heat is abstracted from the whole sur- 
face of the body; in such case the whole action 
of the oxygen will be directed to the skin, and in 
a short time the change of matter must increase 
throughout the body." 

The removal of substances from the blood de- 
pends also on the temperature of the bath and the 
state of the system, and for this the vapour bath is 
most efficacious, and has been popular from the 
savages of North America and the peasants of Rus- 
sia, up to the luxurious inhabitants of Pompeii, — 
Kidd's Physical Condition of Man, p. 116, 2nd Ed. 

The absorjition of substances by the skin does not 
apjiear to depend on the temperature, but on the 
state of the system, and on the substances which 
are contained in the bath. This method of treat- 
ment is usually neglected by physicians, though 
from time to time attention has been directed to it. 
A great part of the benefit derived at Teplitz by 
those subject to the gout depends on the absorp- 
tion of alkalies by the skin. That these actually 
enter the system, even when used as* a foot bath. 
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as the physicians there assert, is confirmed by the 
following statement of Professor Liebig, p. 62, 
" The acetate of potash given as an enema, or simply 
as a bath for the feet, renders the urine alkaline^ 
Rehberger in Tiedemann's Zeit^chrift fur Physio- 
logie, II. 149 ;" and the change wliich the acetic 
acid here undergoes cannot be conceived, without 
the addition of oxygen, as it is converted into car- 
bonate of potash. It is in the state of carbonate 
that the alkalies exist iu the waters of Teplitz, and 
if the acetates are absorbed and converted into car- 
bonates, and in this form appear in the secretions, 
there can hardly be a doubt that the carbonated 
alkalies are also absorbed and act on the blood and 
secretions, as the physicians at these and other baths 
believe. See also Absorption by the general Surface, 
Miiller's Physiology, p. 251. 

When the system is saturated with moisture the 
same amount of absorption cannot be expected as 
when a large quantity has been removed by the se- 
cretions during the night, and on this account, prac- 
tical experience has directed the baths to be taken 
early, before food ; and it has been remarked, that 
the effect of the bath is much lessened if the watera 
are drunk previous to it. Theory poiuts out there- 
fore that two kinds of baths, used in immediate 
succession, would be of the greatest benefit in the 
uric acid diathesis. This is the vapour bath, to re- 
move water an<l acid substances from the blood, an<l 
iuimediatciy afterwards an alkaline water bath, by 
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which alkaline water may be taken into the blood. 
I am not aware that this plan has been hitherto at- 
tempted, hut the benefit derived at Teplitz renders 
ita success highly probable. Warm clothing, more 
especially flannel, should be constantly worn in order 
to promote the excretion from the skin. 

The next point in the treatment that must be 
attended to is to keep all the uric acid in the ulti- 
mate textures in solution. This may perhaps be 
effected by water and alkalies. When these or 
their carbonates are given, they should be taken and 
dissolved in water at least an hour before food, in 
order that they may not interfere with digestion; 
but though these medicines may relieve the com- 
plaint, they never can cure it ; and being too often 
the only means employed for the cure of the uric acid 
diathesis, their continuance becomes absolutely ne- 
cessary for the patient. I believe these medicines 
are the least necessary part of the treatment which 
I have laid down, and it would be well for all to try 
what may be effected by diet and exercise before 
they resort to alkalies ; which may in some cases, 
perhaps, be the cause of an increase in the quantity 
of uric acid : this appears to be the opinion of Pe-* 
louze in his late report. However, those who are 
weak and unable to take exercise may gain great 
temporary benefit from their use, always remember- 
ing to take the least possible quantity, that they 
may be the more easily relinquished. 
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the salt hastening the rapid clianges in the tissues. 
Very soon after the discovery of oxygen, and when 
the study of organic chemistry was scarcely begun, 
when vegetables were thought to be a means of sup- 
plying oxygen to the body, a want of oxygen was 
said to be tlie cause of scurvy. See Dr. Trotter's 
Observations on the Scurvy, 2nd Edit, Dr. Bed- 
does inclines to the same theory. The want of co- 
agulation of the blood, which he contrasts with that 
in phthisis, may be explained by the excess of alkali 
and salts in this disease, whilst in phthisis, from the 
large excretions, they can exist only in small quan- 
tities. 

By diminishing the amount of alkali in the blood, 
and by giving non-nitrogenous food, the scurvy is 
cured, or prevented, in consequence of such sub- 
stances being acted on instead of the tissues of the 
body. No other explanation can be given of the 
benefit which arises from vegetable acids, from fresh 
vegetables, from sugar, wine, beer, wort, treacle, 
potatoes, &c., all which have been used with the 
best effects. It is also a striking fact, that the 
eeurvy makes its appearance after a storm, when the 
seamen have undergone violent exercise. — lieddoes, 
p. 50. It is extremely probable that when excess 
of alkali exists in the blood, the vegetable acids, in- 
stead of passing through the system, combine with 
the alkali ; and the salt which is formed, after being 
converted into carbonate by the action of oxygen, 
is carried out of the system. In all respects the 
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scurvy may be looked on as exactly the converse 
disease to gout ; and the freedom of sailors from 
calculous affections (according to the Medico- 
chirurg^ Tran*., Vol. XVI. p. 103, not one case of 
stone occurred from 1st of January, 1816, to 1st of 
January, 1829, in which time there were 331,000 
men employed in the naval service) is explained by 
the causes which render them liable to scurvy. 

There are few persons now to be found who would 
call in question the efficacy of lemon juice in scurvy, 
and probably not many who would mention any 
thing more likely to produce a fit of the gout in one 
disposed to it than punch made with much lemon 
juice. 
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ON THE GOUT. 



It will perhaps be more useful here, instead of 
relating single cases which have derived benefit 
from the mode of treatment which these views have 
pointed out, to shew how physicians and others, from 
the earliest ages to the present,have employed a prac- 
tice corresponding to that which has been here in- 
sisted on, though in searching for the causes of the 
benefit which has been derived they have generally 
neglected all consideration of the part which the ac- 
tion of oxygen plays in the cure of these diseases. 

Gout is the invariable result of the long continu- 
ance of the uric acid diathesis ; and if we look to 
what is stated by authors on the causes and reme- 
dies in gout, a ready explanation of the mode of 
action of both will be given by these views of Pro- 
fessor Liebig's ; according to which it is most pro- 
bable, that great weakness and inordinate muscular 
exertion may increase the amount of metamorphosis 
in the tissues, and thug give rise to new substances, 
which must be oxydised in order to be removed, 
whilst excessive eating, sleeping, and want of ex- 
ercise, constipation, vegetables, and little secre- 
tion by the skin, all produce the same effect, — all 
lesson the amount of oxidation which is necessarj' to 
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remove those eubstancea which result from the me- 
tamorphoses of the tissues of the body. 

It will bo found that physicians in all ages have 
insisted upon some of these as the cause of gout, 
aud have recommended the opposite of these, as 
temperance, early rising, moderate exorcise, alkalies, 
and medicines which act on the liver and the skin, 
as the means of euro. In the language of Professor 
Liebig, they have declared that the want of oxygen 
is the cause of gout, aud the promotion of its action 
the only means of effecting a cure, or of hindering a 
return of the complaint. 

Thus Galen says : " Though in the time of Hippo- 
crates eunuchs were not afflicted with gout, yet they 
are now, in conseijuence of too much sloth and in- 
temperance. Truly in the time of Hippocrates, on 
account of their temperance and extreme modera- 
tion, on the whole few suffered from gout ; but in 
our times luxury and indulgence being so much in- 
creased that it is impossible they can be more so, 
the number of those who have the gout is infinite." 
— Galen, Comment on Aph. xxviij. sect. 6. 

" You cannot give much relief to those who are 
incontinent, dninkards, or gluttons, either by purga- 
tives or by bleeding ; but if they follow your direc- 
tions, you will benefit them most by bleeding early 
in the spring, and then paying attention to exercise 
and diet." — Galen, Treatise on the Cure of Diseases 
by Blood-letting, cap. vii. 

In the medical observations of Schenkius, p. 681, 

there arc many cases under the head of " Rich men 

E 2 




52 



TREATMENT OF 



living in luxury, ease, and indulgence, becomiag 
poor, are freed from their gout by a sparing diet and 
bodily exercise." 

Sydenham, in his Treatise on the Gout, says : 
" AH digestive remedies whatever, whether courses 
of physic, or diet, or exercise, are not to be talien up 
by the bye, but must be used constantly and daily 
with the greatest diligence : for he that for many 
years together has indulged himself in surfeiting and 
dmnkenness, and neglected his wonted exercises, 
and is worn out by sloth and negligence, or by hard 
study, or continual or intense thinking, or by some 
other errors of life, he labours in vain, endeavouring 
to drive away this disease by this or that remedy or 
regimen now and then used." 

" But the exercise of the body is more advantageous 
than all other things that are used to hinder the 
indigestion of the humours, which I reckon the 
chief cause of gout. If this be omitted, nothing 
which has already been found out will do any good. 
But whether any one eats flesh sooner or later, 
great care must be taken that they eat no more 
during the fit than is necessary to sustain nature ; 
and though the pain as well as the unfitness for mo- 
tion may seem to contra-indicate exercise, which 1 
have commended above all things, yet this labour 
must be undertaken. But it is to be observed, that 
it is best to use exercise in a good air; namely, in 
the country and not in the city. The same exorcise 
does somewhat prevent the stone, which an easy life 
most commonly causes." 
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*Sir W. Temple, himself also a sufferer from tho 
gout, says, "The plenty of their fortunes from those 
great employments, and the general custom of liviug 
in them at much expense, engage men in the con- 
stant use of great tables, and in frequent excesses 
of several kinds, which must end in diseases when 
the vigour of youth is past, and the force of exer- 
cise, which served before to spend the Immour, is 
given over for a sedentary and inactive life. These 
I take to be the reasons of such pei-sons being so 
generally subject to such accidents (gout) more than 
other men, and they are so plain, they must needs 
occur to any one that thinks." — Sir W. Temple's 
Works, Vol. III. p. 241, Edit. 1770. 

" It (the gout) hardly approaches the rough and 
the poor, such as labour for meat and eat only for 
hunger, that drink water either pure or just dis- 
coloured with malt." — P. 258. 

" The rhyngrave who was killed last summer be- 
fore Maestricht told me his father, the old rhynr 
grave, had been long subject to the gout, and never 
used other method or remedy than upon the very 
first fit he felt to go out immediately and walk, 
whatever the weather was, and as long as he was 
able to stand. If it continued or returned next day 
he repeated the course, and was never laid up with 
it."— P. 257. 

" Let the disease be either new or old, and the re- 
medies either common or of foreign growth, there 
is one ingredient of absolute necessity in all cases. 
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For -whoever thinks of curing the gout without tefii- 
perance, had better resolve to endure it with pa- 
tience." — P. 261. " But that which I call tempe- 
rance, and reckon so necessary in all attempts and 
methods of curing the gout, is a regular and simple 
diet, limited by every man's experience to his own 
easy digestion, and thereby proportioning as near as 
can be the daily repairs to the daily decays of our 
wasting bodies." — P. 263. 

Cullen considered that a cure was impossible by 
medicines, but that it may bo entirely prevented by 
constant bodily exercise and by low diet. 

Some have extolled sudorifics, others medicines 
which act on the other secretions, as eolchicum and 
mercury ; others have trusted to alkalies, and others 
to abstaining from acids. I have shewn how these 
probably promote the action of oxygen, and thence 
the benefit derived from them in the treatment of 
gout; but whilst diet is neglected, no remedy will 
effect much either in the way of prevention or of 
cure. In this respect we may approve of the Ho- 
meopathic attention to diet, which, in the large class 
of cases included between indigestion and gout, has 
proved more efficacious than medicine. 

In Austria a mode of treatment has been revived 
which, in those who can endure it, is most beneficial 
in the diseases which may be included in the uric 
acid diathesis, as indigestion, bilious complaints, 
gout, rheumatism, and skin diseases. At Graifen- 
burg, in Austrian Silesia, under Pricsnitz, the action 
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of oxygen is promoted to a most beneficial extent 
in these diseases, but to a no less disastrous one in 
the opposite class of diseases, which arise from too 
much action of oxygen on the body, as in phthisis 
and scorbutic cachexia. Until Professor Liebig di- 
rected attention anew to the action of oxygen on 
the human body, the causes of success and failure 
were unknown. At Graffenburg, which is among 
the mountains near Frieburg, the greatest possible 
action of the skin is produced by baths. Large 
quantities of water are required to be taken. Early 
rising and a plain though not strict diet is ordered. 
By these means the action of oxygen on the body is 
promoted to a very great degree ; " and death en- 
sues if ever the system is no longer able to fiu-nish 
matter to resist the action of oxygen ; " the condi- 
tion of health consisting in an equilibrium among 
all the causes of waste and of supply ; " and death 
being that condition in which all resistance on the 
part of the vital force to the action of oxygen en- 
tirely ceases." — Liebig. 

There is much also of the treatment at Leaming- 
ton which may be explained in the same way, and 
thence the benefit which is in many cases derived 
from it. At iirat, abstinence and drastic metlieines 
are ordered, and the strictest diet is enjoined, which 
consists chiefly of meat ivith a small quantity of 
bread and no fermented liquids, and much exercise. 
One hour's walk at the least before each meal. 
Large doses of iron are afterwards given. The 
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waters containing, according to the analysis of Dr. 
Thompson, a considerable quantity of common salt, 
chloride of calcium, glanber's salt, and traces of iron, 
would assist the more energetic measures of Dr. 
Jephson in promoting the action of oxygen in the 
body, which is soon indicated by the altered com- 
plexion. In the opposite class of cases there exists 
quite as much danger from this treatment as I have 
stated above belongs to the water cure. 

Many of the German baths, as Teplitz, Marien- 
bad, Carlesbad, Kissingen, Emms, and Weisbaden, 
are beneficial in gout, but not so much so as the 
above plans of treatment, because the privations are 
not so great, and the other means used for promot- 
ing the action of oxygen are not so heroic; how- 
ever, in the composition of the waters themselves 
they are superior. The comparison between what has 
been pointed out as the best theoretical treatment 
of gout, and the results of practice, as stated in Dr. 
Richter's Eaux Thermalea de Teplitz, Edit. 1840, 
is as close as is possible. 

It would seem that the drinking of alkaline or 
earthy carbonates with small quantities of iron, as 
well as warm baths of the same waters, that early 
rising and exercise, that temperance and simple diet 
and warm clothing, are nearly all the chief means 
of promoting the action of oxygen on the body. 
Indeed, excepting purgative medicines and active 
exercise, these include all the practice I have laid 
down in the treatment of the uric acid diathesis. 
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And in the cases in wliich purgative medicines and 
stroDg exercise cannot be taken, and are not advis- 
able, then the above practice would be the best 
that theory could point out. 

At Teplitz, nearly two-thirds of the visitors suffer 
from gout. — Dr. Ricliter, p. 106. The ivatcrs which 
are drunk are the gartenquelle, which is cold, and 
the hauptquelle, which 19 hot. The first contaiued, 
according to the analysis of Ficinus, when ten pounds 
of water were evaporated to dryness, 47 grains of 
solid residue, of which 28-9 grains consisted of car- 
bonated alkalies and earths, with a trace of iron. 
The second spring contained 48'4 grains of solid re- 
sidue, of which 32'1 are carbonates. Both springs 
also contain chloride of sodium and potassium, and 
small quantities of sulphate of potash and soda, which 
are purgative salts. From three to six gobleta of 
these alkaline waters are drunk, with intervals of a 
quarter of an hour between each glass, commencing 
between six and eight in the morning. 

The last of these springs, and others of nearly the 
same constitution, are used as baths ; as complete 
baths as well as hip or foot baths, dunng from fifteen 
minutes to an hour before breakfast. By this 
means the amount of absorption is increased, and I 
would here repeat, that even an alkaline foot bath 
has been found to render the urine alkaline. After 
the bath, perspiration is promoted, and warm clothing 
is enjoined : — " Besoin de se vetir plus chaudement 
que de coutume ; " p. 155. Of the regulations with 
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regard to diet, the two principal are temperance and 
simple diet: "Deux desesloie di^tetiques eontfonda- 
mentales, la temji^rance et une nourriture simple." 

On one point only do the principles which I have 
set forth as increasing the action of oxygen differ 
from the practice at Teplitz. Animal food is di- 
rected to he lessened in gout : the reason for this is 
given in note 88 : " Ces maladies (calcul, gravelle, et 
la goutte) 6tant dues a la formation trop considera- 
ble d'acide urique dans I'organisme, une alimenta- 
tion animal comme toute substance azotde, ne peut 
que favoriser cette formation." This is directly 
opposed to the experiments of Dr. Wilson Philip ; 
moreover, it is not from changes which take place 
in the food, but from those which take place in the 
tissues, that uric acid is produced. Excess of ani- 
mal food may cause a plethoric state, while vegeta- 
ble food causes a deposit of fat, and hinders the 
changes which might take place in the uric acid. 

The above sketch shews why Teplitz has proved 
so advantageous in gout, and from these principles 
we may deduce in what cases it will be most bene- 
ficial. There the alkalies are absorbed by long- 
continued baths, rather than by much drinking, and 
hut little purgative salts are contained in the 
waters, whilst the country around is not so at- 
tractive to those who take walking exercise as to 
those who ride or drive. Hence those in whom the 
gout is connected with obstructions of the liver will 
gain more advantage from more purgative mineral 
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waters, and those who are able to take exercise on 
foot will find more indueementa to it in other 
watering places ; where also more alkali is absorbed 
in consequence of more water being drunk, and 
where the excretory action of the skin is a conse- 
quence of exercise. Hence at Teplitz those who 
are weak or unable to take exercise by walking, or 
to endure strong purgatives, will find the greatest 
relief, whilst those in whom the gout is accom- 
panied by obstructions of the bowels or liver, and 
who are strong, will find more benefit at Marienbad, 
Carlesbad, or Kissingen. 

In accordance with this. Dr. Richter says, that 
these places are more efficacious " a la goutte com- 
pliqu^e de grands embarras des voies digestives ou 
d'engorgements des visc^ree du bas-ventre, et sont 
preferables dans la goutte reguliere et sur des sujets 
forts et robustes." It is hardly possible for theory 
and practical experience to agree more closely. 

Some benefit is also derived from the mere travel- 
ling to any of the German baths ; that is, passing so 
many hours in the air causes some increase in the 
action of the oxygen. The sea-sickness or nausea 
decreases the quantity of food, and sometimes re- 
moves bile. The early rising and exercise, when at 
the spring, increase the amount of oxygen ab- 
sorbed, and promote perspiration. The quantity 
of water drunk, especially if it contains alkalies, 
neutralizes acids, and enables the tissues and the 
uric acid to be more acted on by the oxygen, to be 
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retained iii solution, and to be thrown out by the 
kidneys. 

All explanations with regard to the proximate 
cause of gout have hitherto been unsatisfactory, and 
indeed even now a perfect one cannot be given. 
The older physicians thought that it depended on a 
certain morbific matter always present in the body, 
and that this matter, by certain causes thrown upon 
the joints or other parts, produces the several phe- 
nomena of the disease. Cullen defined it as an 
atony of the extremities. He says: "In some per- 
sons there is a certain vigorous and plethoric state 
of the system, which at a certain period of life is 
liable to a loss of tone in the extremities. This is 
iu some measure communicated to the whole sys- 
tem, but appears more especially in the function of 
the stomach. When this loss of tone occurs, while 
the energy of the brain still maintains its vigour, the 
vis medicatrix natura; is excited to restore the tone 
of the parts, and accomplishes it by exciting an in- 
flammatory affection in some part of the extremi- 
ties. When this has subsisted for some time, the 
tone of the extremities and of the whole system is 
restored, and the patient returns to his ordinary 
state of health." 

In a treatise " upon gravel and upon gout," pub- 
lished in 1796, Mr. Murray Forbes supposes the 
litliic acid is constantly present to a certain degi-ee 
iu the circulating fluids, and that it is precipitated 
by the introduction of other acids ; and in this 



manner he explains the influence of acid wines in 
inducing gout. He conceives the circumstance 
chiefly constituting this disease as being an inflam- 
mation in parts of which the functions have been 
interrupted by the redundant acid precipitated. 

The exjilanation which Professor Liebig's views 
lead to is, that gout is an inflammation in parts in 
which the usual changes, which the oxygen effects, 
are unable to take place, in consequence of an ex- 
cess of the non-nitrogenous principles in the body ;* 
whilst rheumatism, or " the universal gout," seems 
to arise from the changes being checked by the 
action of cold on the skin. 

Though this be the proximate cause of gout and 
rheumatism, yet there are some points which must 
be determined before the whole of the phenomena 
of these diseases can receive a perfect explanation. 
Of these, one is the question whether the uric acid 
is, in the state of health, produced in the ultimate 
textures, and there undergoes its changes into urea, 
in which state it is carried to the kidneys by the 
circulating blood (and the existence of urea in the 
blood in Bright's disease and in cholera is in favour 

* This theoiy is only a step beyond the others which have 
hcen given ; all muat be imperfect until the phenomena of inflam- 
mation are understood ; and though it may be shewn that inflam- 
mation is prohably only a limited process of oxidation, whilst 
fever is the general one, and that the treatment of both ia that 
which hastens this process to a termination rather than subdues 
it, still sufficient proof is as yet wanting, and though the word 
inflammation is not understood, still no better one can be used. 
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of this view), or whether in the ultimate textures 
some otlier substance is firet formed from the tis- 
sues, which, when it arrives at the kidneys, is there 
changed into uric acid, and afterwards into urea, in 
the way that has been pointed out. If this last be 
the case, the substance out of which the uric acid is 
formed must exist in the blood ; and it is amongst 
those substances which are comprehended under the 
term, indefinite extractive substances of the blood, 
that search must be made for it. 

The probability of some such substance existing is 
increased by the most accurate examination having 
as yet failed to detect uric acid or urea in healthy 
blood, which, if the first hypothesis be true, must 
exist there. It is probable that when " the question 
is fairly driven," chemistry will soon return an an- 
swer. But whether it be urea, uric acid, or some 
previous substance out of which these are formed, 
which exists in the blood, the quantity is so small, 
and it is so quickly removed and changed by the kid- 
neys, that no satisfactory conclusion can be derived 
from an examination of small quantities of blood. 

Certainly in gout the one or other of these states 
must exist ; either there is an excess of that sub- 
stance which is capable of producing uric acid when 
it comes to the kidneys, which is passed during an 
attack of gout from the systemic capillaries to those 
of the kidney, and there gives rise to the excess of 
uric acid which appears in the urine, or, what is per- 
haps more probable, urate of ammonia itself (formed 
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from the metftmoqihosis of the tissues) exists in the 
blood in larger quantities than usual. One or other 
must exist in the blood, during the fit of gout, in 
larger quantities than in the state of health, and 
from one or other the excess of uric acid appears in 
the urine ; and most probably it is the presence of 
this substance in the circulation, and the interrup- 
tion by any causes, as cold, and weakness of circula- 
tion, of the changes which it is undergoing in the 
capillaries and in the kidneys, that produces the 
phenomena of retrocedent and irregular gout. 

The acid state of the secretions of the skin, the 
stomach, and the urine in this disease, has led some 
ph)'8icians to consider acidity as the cause of the 
disease, and to direct all their remedies to this point 
alone ; but this state of acidity arises also from a 
want of action of oxygen on the non-nitrogenous 
principles, that is, from the oxygen not being pre- 
sent in sufficient quantities. In the state of health, 
when enough oxygen is absorbed, the lactic and 
acetic acid which are formed from the starch, sugar, 
gum, and other non-nitrogenous food, are converted 
into carbonic acid and water, the first hy combining 
with 12 equivalents of oxygen, and the last with 
10, thus: — 



Lactic acid = C, Hs Os 
12 Oxygen = 



Cs 0,1 = 



.^. ru. O. 



6 Carbonic acid. 
5 Water. 



UHiC, C,H,0„ 



Acetic acid = C, H; O^ - 
10 Oxygen = 0,„- 



t Oa = 4 Carbonic 
Hs Oi = 5 Water. 



Ch Hi 0„ C^ H, 0,3 



But in gout the deficiency of oxygen renders auch 
changes impossible, and the acida which are fonned 
being only partly, and in some cases not at all, acted 
on by the oxygen, remain iu the body undeeomposed 
until they are thrown out in every possible way, to 
the great relief of the system generally. This may 
be Been by putting blue litmua paper to the skin, 
when it is quickly reddened by the action of the acid 
which is secreted, and an increased quantity of the 
acid is removed by increasing the action of the skin, 
either by bath or by exercise. By soda, potash, or 
magnesia taken as medicine, these acids are neu- 
tralized, as well as by the carbonates of these alka- 
lies which are decomposed, lactates or acetates being 
fonned. Hence the benefit which has been derived 
from alkalies in gouty complaints, but it is only pal- 
liative. Such treatment does not hinder the form- 
ation of fresh lactic acid. To effect this, all the 
substances from which the acid most readily arises, 
that is, all non-nitrogenous food, especially starch and 
sugar, should as far as possible be left off, and the 
quantity of oxygen must be increased to effect a 
change in that lactic acid which remains in the cir- 
culation. 
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By this action of oxygen, then, an explanation is 
■afforded of the eflFects of weakness, excessive sleep- 
ing, excessive eating, of a want of exercise as well 
as of inordinate muscular exertion, of vegetable 
acids, and of alcohol, in the production of gout. 
For the weakness and inordinate exercise tend to 
the excessive production of uric acid, disposing to 
and causing rapid changes in the tissues. Sleep 
lessens the quantity of oxygen which can be ab- 
sorbed, by leeaening the number and strength of the 
respirations, and in consequence the uric acid which 
is formed is not changed. By excessive eating, the 
blood becomes loaded, and contains an excess of 
those principles which can only be carried off by the 
action of the oxygen. By acids, the uric acid is 
rendered less soluble, and therefore less easily acted , 
tin. Wines are injurious from the alcohol they con- 
tain, and acid wines are doubly injurious by both 
acid and alcohol adding to the excess of non-nitro- 
genous substances, for which the oxygen has a 
greater affinity than it has fop the nitrogenous 
substances. 

Additional strength is given to this view, if on the 
other hand we look to the mode in wliich gout is 
cured or prevented. It will be seen that abstinence 
alone will cure, by supplying no fresh fuel, whilst 
the draught by respiration, that is, the supply of oxy- 
gen, remains undiminished, and gradually consumes 
those non-nitrogenous (carbonaceous) substances 
which had previously been heaped up so as to threa- 
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ten to put an end to all action. Exertion increases 
the respirations and causes thiia more oxygen to be 
absorbed, and so more action takes place. Purga- 
tives remove the bile, which contains an excess of 
carbonaceous matter, on which the oxygen would 
otberwise act to the hindrance of its action on the 
nitrogenous substances ; whilst alkalies and water 
hold the uric acid dissolved, and promote the changes 
in the tissues. 

By these views, also, the relation of gout to acid- 
ity, to uric acid, and oxalate of lime calculi, is most 
plain. They all arise from the same cause, the 
want of action of oxygen. The calculus is only one 
or two steps further than the gout towards the state 
of health, towards that end which nature in most 
diseases endeavours to attain ; for the evils to which 
the uric acid would give rise if it remained, can be 
prevented by its passing off unchanged, as in the 
case of the uric acid, or only partially changed, as 
in tlie case of oxalate of lime, though this is at the 
risk of an accumulation taking place in the kidneys 
or bladder ; and that head-ache, heaviness, wandering 
pains, frequently come on when the accustomed de- 
posit of uric acid ceases, is well known to those 
who constantly suffer from the uric acid diathesis. 

In all constitutions predisposed to gout, the rule 
of Sir W. Temple as regards diet is the most in ac- 
cordance with reason. It is given almost in the 
very words of Liebig's language : — " Simple diet, 
limited by every man's experience to his own easy 
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digestion, and thereby proportioning, as near as 
well can be, the daily repairs to the daily decays of 
our wasting system." Some have restricted them- 
Belves to vegetable diet alone, but inasmuch as the 
amount of animal food which is required to supply 
the daily decays of the system is far less than the 
amount of vegetable food which will effect the same, 
and the benefit which is derived from temperance 
may be taken to be inversely proportionate to the 
quantity of food which is taken, therefore simple 
and moderate animal diet, or a milk diet, will be 
found far more efficacious than a diet consisting of 
Vegetables, which contain a large quantity of non- 
nitrogenous principles. This will at least be the 
best as long as inflammator)' symptoms are absent. 

When meat is inadmissible, bread is the best 
substitute, on account of the large quantity of fibrin 
(gluten), and the comparatively, as regards yege- 
tables, small quantity of non-nitrogenous substance 
(starch) which it contains. 

In the composition of the muscular substance of 
brown or white meats, fish or fowl, animal che- 
mistry can detect no difference, which may be prac- 
tically applied by the physician. Those which are 
fat must be avoided ; in other respects, experience 
will be the best guide, 

I cannot possibly sum up the indications of treat- 
ment in this disease, which the theoretical views of 
Professor Liebig suggest, better than in the words 
of the most practical and celebrated physician of 
f2 
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Gennany, which state the general indications as 
being, 

" Ist, To neutralize any diseased products which 
may be formed. 

" 2ndly, In proportion as they are formed, to cause 
them to be removed, in order to prevent any ac- 
cumulation which might cause a paroxysm. 

" 3rdly, To render the formation of any fresh 
diseased products impossible." — Sch6nlein*s Lec- 
tures, 1838. 

How these may best be fulfilled is the subject of 
the chapter on the Treatment of the Uric Acid 
Diathesis, to which I must refer in order ' to avoid 
repetition here. 



CHAPTER VII. 

ON THE OXALIC ACID DIATHESIS; AND ON THE 
PRODUCTION OF OXALIC ACID FROM URIC ACID. 



1^^. On the Oa^alic Add Diathesis. 

Although it appeared, from the examination of 
the urinary calculi in dif erent collections, that those 
which contained oxalate of lime bore a very con- 
siderable proportion to those in which uric acid was 
present; and though the former has even been 
found in some, as in the collection at Wurtem- 
burg, more frequently than the latter, still the num- 
ber of patients who suffered from the oxalic acid 
diathesis seemed to bear the greatest disproportion 
to the number of those in whom the uric acid dia- 
thesis existed. The intermixture, and alternation 
also, of oxalate of lime with urate of ammonia or 
uric acid was found to be very frequent in calculi. 
No explanation could be given of these facts. The 
one seemed to point to some intimate relation be- 
tween these substances, to some origin from a com- 
mon cause ; whilst the other appeared to prove, that 
whenever oxalate of lime was formed, it almost 
always remained and produced a calculus. The 
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researches of Professor Liebig have shewn the high 
probability of the first conclusion, and the mi- 
croscope in the hands of Dr. Bird* has shewn the 
error in the last, by detecting crystals of oxalate of 
lime very frequently in the urine. 

Usually the diathesis ha-s been recognized in con- 
sequenco of a small calculus of oxalate of lime 
being passed. Now, however, by means of the 
microscope, the physician may much sooner obtain 
evidence of this diathesis, which will be rendered all 
but certain when a substance is obtained which does 
not effervesce when mixed with a dilute acid, 
though it does so after a moderate heat has been 
applied, and again ceases to do so after exposure to 
a strong heat, with which the ash becomes alkaline, 
and when dissolved in water gives a white precipi- 
tate with oxalate of ammonia. 



2ndlT/. Oh the Pvodiiciion of Oxalic Acid from 
Uric Acid. 

The frequent intermixture in calculi of urate of 
ammonia and oxalate of lime shews some intimate 
connection between the two, which, by the inves- 
tigations of Professor Liebig, can now be explained. 
In mentioning the changes which uric acid under- 
goes, it has been stated, that oxalic acid may be 
actually produced from uric acid whenever it is 
subjected in our laboratories to the imperfect action 
of oxygen. 

• See Medical Gazette, Jnly, 1842. 
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The changea which take place may be lopit 
seuted thus : — 



Uric acid = C„N,H,Oa r 

4 water = H.oA^JUrea (C,N,H. O,) 

2 oxygen = oj [Alloxan (CN.H. Op) 

C,„N,H,0„ C„N.H,0„ 

which equal 

C, N, H' Oj"l 
C, N, H( J 
C, Oj 



now CjOa = oxalic acid, 
and Cfia ^= carbonic acid. 

From this it appears, that uric acid, with the 
addition of three equivalents of oxygen and four 
equivalents of water, contains the elements of two 
equivalents of urea and three equivalents of oxalic 
acid ; and when the uric acid is further oxydised, 
that is, when six equivalents of oxygen are added to 
it, then no oxalic acid is formed, but urea and car- 
bonic acid; so that its production is, as it were, a 
check in a natural process, analogous to what is 
called by embryologists arreat of developement, the 
cause of this check being a want of action of oxygen 
on the uric acid, 

In the oxalic acid diathesis, the oxydising process 
in the body is carried a step further than it is when 
the uric acid diathesis exists ; but it still is stopped 
t-hort of the extent to which it is carried in the 
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state of health. From this we may deduce rules 
for the prevention of this diathesis, the object being 
to increase the action of oxygen on the uric acid, by 
which it may be changed into carbonic acid and 
urea. It is only necessary here to refer to the 
fourth Chapter, in which these rules are laid down. 
Practical experience had established very sufficient 
princiiiles for the treatment of the uric acid diathe- 
sis ; but in the oxalic, the want of knowledge of 
the moat usual origin of tlie oxalic acid had pre- 
vented any rational rules for its prevention from 
being formed. It was known that sugar, by being 
acted on by nitric acid, might produce oxalic acid ; 
and on this account some desired their patients to 
abstain from sugar, others required that no lime 
should be taken. 

We can liardly expect any benefit from these 
rules when it is known that the usual source of the 
oxalic acid is from uric acid, and that it is absolutely 
impossible to abstain from lime in some form or 
other, as it exists in almost every thing which is 
taken as food and drink. 2ndly. Though it is pos- 
sible that sugar, and jierhaps other substances of 
the non-nitrogenous class, may, by imperfectly com- 
bining with oxygen, in the body give rise to oxalic 
acid (and it will be especially interesting to inquire 
whether this takes place at any time in the course 
of diabetes, or in diseases related to this, in which 
there seems to be a want of oxydation of the 
non-nitrogenous f^ubstances), still the oxjgen has 
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evidently a much stronger affinity for the non- 
nitrogenous than for the nitrogenous substances in 
the body, and thus the process of oxydation is far 
more frequently incomplete in the latter than in the 
former ; so that we should expect oxalic acid gene- 
rally to arise from the insufficient oxydation of the 
uric acid, and much more rarely from sugar ; and 
the alternation of this substance with uric acid in 
calculi, and the ease with which it is formed from 
uric acid, leads to the belief that this is the usual 
origin of oxalic acid. The free oxalic acid passing 
off bj the kidneys meeting with the phosphate of 
lime, which is secreted both by them and by the 
mucous membrane of the urinary passages, decom- 
poses it, and oxalate of lime is the result. 

The same thing happens when oxalic acid is 
taken, as such, in the food ; if free, like tartaric acid, 
it passes off at the kidneys, and combines with the 
lime which it afterwards meets with. If taken in 
combination with alkalies, like tartaric acid, it would 
probably be decomposed. 

The causes, then, of this disease are in most cases 
similar to the causes of the uric acid diathesis. 
Both diseases may be referred to insufficient oxyd- 
ation, and the treatment must consequently be the 
same in both. So that it is here sufficient to refer 
to the chapter on the treatment of the latter : but 
there is one point which requires separate notice, 
and this is the lime. 

There can be no doubt whatever that if no lime 
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existed in the body or Tvas taken into the eygtem, 
no oxalate of lime could be formed ; and it is highly 
probable that an excess of lime in the system may 
induce the formation of oxalic acid ; but some lime 
is necessary for the bones and the membranes, and 
it is taken into the system in all solid and liquid 
food. Now, though it is impossible to obtain food 
absolutely free from it, and thus to hinder all form- 
ation of fresh oxalate of lime, still by rendering it 
as free as ]>0B8ibIe, the rapid increase of a calculus 
may be prevented. Perhaps of all substances water 
is the easiest to render pure, and it is that which 
usually contains most lime. On this account, in the 
oxalic acid diathesis, distilled water should always 
be used in every thing for which common water is 
employed in the state of health. When distilled 
water cannot be obtained, rain water would be the 
beet substitute ; and when this is not to be had, 
then that which has been purified in the way men- 
tioned in the fifth Chapter. 

Tlio ashes which are obtained from all fleeli in- 
variably contain small quantities of phosphate of 
lime, and all vegetables contain some lime, and no 
means can be taken for separating it from vegetable 
or animal food ; and probably the system could not 
endure the absence of all lime from the food. Such 
treatment is therefore merely palliative, and the 
curative treatment must be directed to the oxalic 
acid, and not to the lime. 



CHAPTER Vltl. 

ON THE PHOSPHATIC DIATHESIS*, AND ON THE 

PEODUCTION OF THE PHOSPHATES OF 

LIMB AND MAGNESIA. 



On the Phospkatic Diathesis. 

The pbospbatic diathesis may be divided into a 
true and a false diathesis ; the true being that in 
which, in consequence of a general state of the sys- 
tem, the urine becomes alkaline and the phosphates 
are deposited ; the false being that in which alka- 
leacence ensues from an obstruction to the urine, 
or from the mucus which is secreted, rapidly in- 
ducing a change in the urea, — as, for instance, when 
there is irritation or inflammation of the mucous 
membrane of the bladder. 

The false phosphatic diathesis is far more com- 
mon than the true. In both, the urine is always 
alkaline, and a white deposit occurs which is easily 
soluble in any dilute acid, but insoluble by heat or 
by alkalies. It is by no means uncommon to ob- 
serve in this diathesis a layer of crystals on the 
surface of the water, which, when exposed to the 
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light, preeeuts a varied play of the prismatic colours. 
These consist also of the phosphates, and possess the 
same chemical properties as the white deposit. 



On the Production of the Phosphates of Lime and 
Alagncsia. 

Dr. Prout, when alluding to the wonders of 
creation displayed in the adaptation of different 
chemical substances to the purposes of the body, 
says, " How truly wonderful and utterly beyond 
our compreliension are the properties and adapta- 
tions displayed in the processes of organization." 
And the illustration of phosplioms and lime is 
scarcely less striking than that of carbon, which he 
has chosen. As magnesia corresponds so closely 
in its chemical properties with lime, it is in conse- 
quence capable of being applied to the same pur- 
poses, either by vegetables or animals. Thus Liebig 
observes, " When lime exists in the ashes of plants 
in large proportion, the quantity of magnesia is di- 
minished ; and in like manner, according as the latter 
increases, the lime decreases." — Veg. Phys. 2nd Ed. 
p. 99. And this similarity of properties acts as a 
security against deficiency, and accounts for these 
two substances being so frequently found associated 
together in the human body. 

P]ios])horus, phosphoric acid, lime, and magnesia 
are carried into the circulation of men and animals. 
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partly in their food, and partly in their drink. They 
exist in these in organic or in inorganic compounds. 
In vegetahle and animal albumen no difference can 
be observed, even in regard to the presence and re- 
lative amount of sulphur, phosphorus, and phosphate 
of lime. In vegetables we find organic acids com- 
bined with lime and magnesia, and in them phos- 
phates, carbonates, sulphates, or chlorides of lime 
and magnesia are univereally present. " Phosphoric 
acid," says Liebig, " has been found in the ashes of 
all plants hitherto examined, and always in combin- 
ation with alkalies and alkaline earths." — 2nd Edit, 
p. 144. 

Most seeds contain certain quantities of the phos- 
phates. In the seeds of different kinds of com par- 
ticularly, there is an abundance of the phosphate of 
magnesia. " We may fonn an idea of the quantity of 
phosphate of magnesia contained in grain, when we 
consider that the concretions in the ccecum of horses 
consist of phosphate of magnesia and ammonia, the 
greater part of which is obtained from the oats and 
bran consumed as food. These concretions are most 
apt to form in the horses of millers, which are fed on 
bran, which contains the greatest quantity of phos- 
phate of magnesia." — P. 92, 2nd Edit, of Vegetable 
Chemistry. " All plants obtain their phosphoric aeH 
from the soil ; it is a constituent of all land capable 
of cultivation, and even the heath of Luneburg con- 
tains it in appreciable quantity ; and it has also been 
detected in all mineral watei-s, in which its presence 
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has been tested." — P. 144, 2iid Edit. Most spiing; 
water containB lime in some tbnti or otber. 

The following table, compiled Irom the Animal 
and Vegetable Phyeiologies of Professor Liebig, may 
be useful for comparison. 

1000 parts of fresh beef contEun 42'3 ashee, of which 
O'S is phosphate of lime. 

1000 partB of potatoes contain 49' 1 ashes, chiefly phoe- 
phate of magnesia and ammonia. 

1000 parts of black bread contain 32'5 ashes, chiefly 
phosphate of magnesia. 

1000 parts of milk contain 2'5 ashes, phosphate and 
carbonate of lime and magnesia. 

1000 parts of grain of wheat contain 994 ashes, chiefly 
pliosphates. 

1000 parts of blood contain 2'1 to 1-4 ashes, phosphate 
and carbonate of lime and magnesia. 

1000 parts of urine of lion contain 7-10 ashes, l'? 
phosphate of lime and magnesia, and 9'0 phos- 
phate of aounonia, Eoda, and potash. 

1000 parts of urine of horse contain ITO to 2'0 ashes, 
carbonate of iime and no phospliate. 

1000 parts of urine of man contain I'O ashes, phos- 
phate of lime, and ammonia, and magnesia. 

When the sujiply of phosphorus, lime, or mag- 
nesia is no greater than is required in the body for 
the bones, the brain, and the membranes, none 
appears in the urine, as in horses' urine : thus Pro- 
fessor Liebig Bays. " In the graminivora, therefore, 
whose food contains so small a proportion of phos- 
phorus or of phosphates (grass containing a large 
quantity of siUcate of potash, but only traces of 
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pbosplioric acid), the organism collects all the solu- 
ble phosphates produced by the metamorphosis of 
the tissues, and employs them for the developement 
of the bones and of the phosphuretted constituents 
of the brain." 

" The organs of excretion do not separate these 
salts from the blood " {Animal Chemistry, p. 80), but 
when a greater supply is given than is required for 
use, the excess is thrown out in the excretions, or, 
in some rare cases, is laid up for future use. " Those 
animals which are ready to moult have always two 
stony substances, called crab's eyes, placed in the 
stomach, which, from the experiments of Reaumur 
and others, appear destined to furnish the matter, or 
a portion of it, of which the shell is fonned ; for if 
the animal is opened the day after its moult, when 
the shell is only half hardened, these substances are 
found only half diminished ; and if opened later, they 
are proportionably smaller." — Kii-by, Bridgewater 
Treatise, Vol. II. p. 55. 

" The supply of phosphate of lime necessary for 
renewing the antlers of the deer must be supposed 
in part to be derived from that deposited elsewhere 
in the bones ; for some of these antlers, as the elk's, 
have been known to weigh half a hundred-weight." 
— Good's Book of Nature, Vol. I. p. 275. If, on 
the other hand, a deficiency is supplied, then that 
which was deposited in the bones is removed to 
serve purposes more necessary for life. M. Chossat, 
in June, 1842, stated to the Academy of Sciences, 
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that he prevented pigeons from obtaining lime, 
feeding them on wheat ; and after ten months they 
died, and it was found that their bonea had been 
acted on so as in some places to have fallen off con- 
siderably in size, and to be perforated with small 
lioles. In other places they had disappeared alto- 
gether. 

There is a second source of phosphatic salts, in 
consequence of the continual oxydising process 
going on in the body, by which the phosphorus of 
the albumen is converted into phosphoric acid. In 
those animals in which there is a rapid metamor- 
phosis going on, as in carnivorous animals, we should 
exi>ect therefore a very large amount of phosphates ; 
and we accordingly find upwards of 10 parts in 
1,000 of urine of the lion consist of salts of phos- 
phoric acid. Even in man, when from exercise and 
animal food a rapid change is taking place in the 
tissues of the body, a large quantity of the phos- 
phates are found in the urine, whilst during rest a 
much smaller quantity is usually present. This is 
sometimes to be seen in accidents. A labourer was 
brought into St. George's Hospital, with a severe 
wound received when at work. The urine, when 
examined soon after his admission, was found to 
give a considerable precipitate with ammonia. He 
was bled, confined to bed, and put on fever diet : 
the second morning there was scarcely a trace of 
phosphates in the urine. 

It is probable that the salts of lime, when taken 
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into the blood, are converted into carbonates, and 
remain dissolved in the free carbonic acid of the 
blood until they meet with phosphoric acid in the 
kidneys. If no phosphoric acid is formed in excess, 
as in the graminivorous animals, then the salts of 
lime and magnesia are excreted as carbonates. 

The two sources then of phosphoric acid in the 
blood are, 1st, from the food, and, 2udly, from the 
oxjdation of the phosphorus of the tissues : when 
from these sources an excess exists in the blood, it 
is thrown out in the urine ; and when this is the 
case there is an additional quantity thrown out by 
the secretion which takes place from the mucous 
membrane ; for the mucus of all membranes is 
found to contain salts of lime, and in most cases 
phosphate of lime. 

The deposit on the teeth from mucus and saliva 
contains 79 per cent, of phosphate of lime. A cal- 
culus from the sublingual duct in St. George's Hos- 
pital I found to consist almost entirely of phosphate 
of lime. The deposit of calcareous matter in the lungs 
consists of phosphate and carbonate of lime. The con- 
cretions in the prostate gland consist almost inva- 
riably of the same substance. The mucus of the 
bladder and urinary organs is secreted also with this 
substance, and when the secretion is increased by 
irritation or inflammation of the membrane, more 
mucus and a greater quantity of this phosphate of 
lirae is thrown out than in the state of health. 

The surface of the prostatic calculi of phosphate 
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of lime is in contact with the mucous membrane, 
and not unfrequently receives from it so high a 
polish as to justiiy the comparison with porcelain, 
which, from their smoothness and polish, they have 
been thought to resemble ; but it would be more 
correct to compare them to the polished inner sur- 
face of shells, which arises from the same cause, 
namely, the contact of the secreting mantle or 
membrane. It is not at all unusual to find the 
same pearly polish in renal calculi, when i)hosphate 
of lime has been deposited, which is in contact with 
the mucous membrane of the pelvis of the kidney. 

The phosphates, whether derived from the mucus 
or from the secretion of the kidneys, are insoluble in 
any alkaline fluid ; but very soluble in any dilute acid. 
The urine being, in its healthy state, always acid, 
these salts, in whatever quantities they are pro- 
duced, are always held in solution, and they remain 
dissolved until the urine becomes alkaline. This 
may occur, let, by taking alkalies, whether free or 
in combination with carbonic or vegetable acids, 
and, secondly, by the urea undergoing a change, 
whereby it is converted into carbonate of ammonia. 



Urea = CaNjH.O. 
2 water 






O, = 2 carbonic acid. 
= 2 amtnoiiia. 



That is, urea, by combining with the elements of 
two equivalents of water, give.4 rise to two equiva- 
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lents of carbonate of ammonia. Urea dissolved in 
pure water does not undergo this change, but it 
takes place in the urine in consequence of changes 
going on in the mucus, which is secreted by the 
membrane lining the cavity of the urinary organs. 
At present this mucus is looked on as a kind of 
ferment, and its action on the urea is considered as 
an instance of catalytic action. " Dans I'urine a 
c<ite de I'uree, la nature a place quelquea traces de 
mati^re animate, albumineuse, on muquese ; traces 
preaque insensibles a I'analyse. Celle-ci pourtant, 
parvenue a I'air, s'y modifie, et devient un de cea 
fermens comme nous en trouvons dans la nature or- 
ganique. C'est lui qui determine la conversion de 
I'uree en carbonate d'ammoniaque." — Dumas, Le^on 
sur la Chimie statique des etres organises, p. 39. 

In the healthy state, this action of the mucua 
does not take place until after some hours of ex- 
posure to the action of the air ; but when the 
secreting membrane is inflamed, it appears that the 
mucus undergoes this change much more rapidly, 
and sometimes even without previous exposure to 
the air. In such cases it is by no means unfrequent 
to find that that fluid which is in contact or mixed 
with the mucus becomes first alkaline, and after- 
wards the remainder becomes so. The investiga- 
tions of Dumas on ferments may be expected to 
throw most light on the changes which the mucus 
undergoes ; meantime we can by no means agree 
with some authors, that the change of urea into ear- 
G 2 
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bonate of ammonia depends on a loss of vitality. 
This is a similar explanation to one quoted by Dr. 
Richter, in his Eaux Thermales de Teplitz, p. 94 : 
" Les chemistes ne pen vent qu'analyser le cadavre 
dee eaux." The attempts to explain one truth by 
the assumption of a more general one, which is nei- 
ther self-evident nor can be shewn to be probable, 
is not the smallest advance in the j)ath of know- 
ledge. "It profits nothing to explain things which 
appear incomprehensible, on account of not having 
been investigated by assumptions far more incom- 
prehensible." For example : M. Demalet, quoted by 
Dr. Young, on consumption, says, " The voice is not 
a simple vibration; it is animalised; it is alive, like 
the organs which produce it." 

The urine is also found to be alkaline, even when 
it passes from the kidneys in states of great weak- 
ness, and when the spinal cord has been injured. 
In weakness, the sulphuric and phosphoric acids, 
]3roduced by changes in the albuminous tissues, are 
formed in exceedingly small quantities. These 
acids no longer are sufficient to convert all the car- 
bonate of lime into sulphate and i)hosphate, and 
consequently the carbonate of lime appears in the 
urine, or is deposited, if a nucleus exists. Hence it 
is, probably, that we so frequently find small quan- 
tities of carbonate of lime inphosphatic calculi. In 
very great states of weakness, the changes in the tis- 
sues are so slow that the smallest quantities of phos- 
phates are produced, and then, though the nrine 
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becomes alkaline, still no sensible deposit is found 
in it. This may be frequeutly observed in tlie last 
stage of Bright's disease, in which, as appears by 
Dr. Christison's quantitative analysis, the fonnatiou 
of phosphates is greatly diminished ; when it will be 
found that, although cream of tartar may be given, 
so as to render the urine highly alkaline, still it 
will remain entirely free from any deposit. 

In injuries of the spine producing paralysis, the 
urine occasionally is rendered alkaline, in conse- 
quence of retention in the bladder giving time for 
the mucus to undergo its changes ; but this expla- 
nation is not satisfactory in all cases, nor is this 
state of urine by any means an invariable occur- 
rence in such cases. That some ammonia is pro- 
duced by the metamorphoses going on in the sub- 
stances in the body can hardly be doubted, for this 
must be the origin of the ammonia of the phosphate 
of ammonia and magnesia, as well as of the ammo- 
nia of the muriate of ammonia and of the lactate of 
ammonia, which Berzelius believes to exist in the 
urine, and it must be considered as possible for this 
ammonia to be fonned in such quantities as may be 
more than sufficient to neutralize the acids which 
are formed, or for the formation of these acids to be 
so much diminished, that even the usual quantity 
of ammonia which is formed may not find acids to 
neutralize it. But on this point it is most difficult 
to obtain any accurate knowledge. 

Ill whatever way the urine becomes alkaline, the 
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phosphates, being insoluble in an alkaline fluid, are 
precipitated, and either forni a concretion in the 
bladder, or are deposited from the urine as a white 
sediment, which is easily soluble in very dilute 
mineral acids, and does not disappear even with a 
strong heat. 

There can be little doubt that when there is ex- 
cessive action of the brain, and excessive changes 
are taking place, the phosphorus of the nervous 
tissues must give rise to an increased quantity of 
phosphoric acid, but as yet, excepting the opinion 
of Dr. Prout, no positive evidence can bo adduced. 



THE TREATMENT OF THE PHOSPHATIC DIATHESIS. 

This may be palliative, or curative. 

Ist. Palliative. The first object must be to cause 
the phosphates to be retained in solution ; this is 
effected by rendering the urine acid, which is most 
easily done by any vegetable acid, as tartaric, citric, 
acetic afiids. It was found by the experiments of 
Woehler on men and dogs, that if any of these 
acids are taken in a free state, that is, not in com- 
bination with an alkali, they pass through the blood 
unchanged, and appear as acids in the urine. Why 
they should not be oxydized, as they are when taken 
in combination with alkalies, is at present unknown ; 



PHOSPHATIC DIATHESIS. 87 

and wliy they should pass off by the kidneys is just 
as little understood, as why urine is secreted by the 
kidneys, and bile by the liver. The dose of these 
acids must be gradually increased until the urine 
becomes again acid to test paper, when great care 
must be taken not to render it so much so as to 
cause a precipitation of uric acid. The care with 
which the gouty avoid all acid wines and fruits 
shews how easily vegetable acids affect the urine 
and cause a deposit of this species of gmvel. It has 
also been found by experiment (see Berzelius's 
Hand-book, p. 467), that the strong mineral acids 
possess no power to render the urine acid ; probably 
their strong affinity for the soda in the blood causes 
it to leave its combination with the albumen ; and 
thereby salts of soda would be formed, and the acids 
would pass off by the kidneys as neutral salts. 

The amount of phosphates thrown out may he 
lessened by abstaining from those vegetable sub- 
stances which contain much of the phosphates, as 
bread, and more particularly brown bread and po- 
tatoes, instead of which, peas, beans, and rice should 
be eaten. 

Our chief attention must be directed to the re- 
moval, if possible, of the cause of the alkalescence 
which constitutes the curative treatment : this may 
be most beneficially joined with palliative measures. 
If the alkalescence arises from the altered mucus 
thrown out by an inflamed bladder, when the in- 
flammation is cured, the acidity will return, and 
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the deposit cease. If the irritation of a stone causes 
the secretion of mucus, or hinders the emptying of 
the bladder, the stone must be removed. If the 
alkalescence proceeds from weakness, it is only by 
restoring the general health that the urine will per- 
manently regain its natural condition; though, for 
a time, and for a time only, much evil may be hin- 
dered by the use of vegetable acids. The restor- 
ation of the general health must be left to the 
medical man, for no general rules can be of any 
benefit without a knowledge of the causes on which 
the weakness depends. 



PART II. 



ON THE STONE. 



ON 



THE STONE. 



CHAPTER I. 

ON THE NATURE OF THE STONE. 

Gravel and sediments, when retained in the 
bladder, produce stone. The varieties of stone are 
consequently as numerous as the different kinds of 
gravel and sediments. All similar crystalline par- 
ticles have a tendency to arrange themselves in 
similar directions, and to exert a power of cohesion 
on each other, and the purer any substance is, the 
nearer its particles approach, and the greater their 
power of cohesion. In calculi, too, the mucus of the 
bladder acts as a kind of cement and unites those 
particles which are not sufficiently close together 
to admit of the action of the power of cohesion. 

When once a nucleus is formed by some gravel 
or sediment retained in the bladder, or by some 
foreign body introduced from without, by which the 
urine is obstructed, alkalescence ensues, and the 
phosphates are precipitated; otherwise the urates 
are deposited on it, whenever they are, beyond a cer- 
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taiii amount, dissolved in the water. What the quan- 
tity is which can be heM dissolved, so as not to be 
deposited on a nucleus, is not yet ascertained ; but 
it is less than the quantity of urate of ammonia, 
which can be taken up by the urine at the tempe- 
rature of the air. This an experiment of Berzelius 
demonstrates. The water being passed in different 
glasses, he found the first quantity contained all 
the mucus, which he accounts for by its settling 
to the lower part of the bladder. This mucus was 
separated when the water became cold. It was 
dried, and then found to contain small cr)'stalline 
grains of urate of ammonia ; and these were found 
when the urine in the other glasses remained clear 
after cooling. He also found in another experi- 
ment, that if urine is passed in two portions, and let 
stand for some days, these crystals are seen to form 
in and upon the mucus, which is all in the first por- 
tion ; whilst the second portion, which contains no 
mucus, deposits no crystals. These experiments 
shew most clearly, that the mucus acts as a nucleus 
on which the urate of ammonia is deposited, even 
when the urine contains no more than it is able to 
hold in solution, wheu no nucleus is present. The 
same thing happens when any nucleus exists in the 
bladder. Hence it may be deduced, that it is not 
sufficient, in the treatment of calculi, to give medi- 
cines which may cause the urates merely to be re- 
tained in solution in the ui-ine ; but if we would stop 
the calculus from increasing, the actual amount of 
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urates in the urine must be leseened. How this 
may be effected was treated of in the First Part. 

When the nucleus is exposed on all sides to the 
urine which contains an excess of substances dis- 
solved in it, then the increase of the calculus takes 
place in regular and even layers, and generally, the 
more slowly the substances are deposited, the more 
compact the calculus is. When the fluid is not in 
contact with the nucleus in all parts, then the in- 
crease is only on those which are exposed to it. 
This happens when one side is adherent to the blad- 
der, or when the calculus is partly encysted, or 
when more than one nucleus is present. The urate 
of ammonia, uric acid, and the phosphates, are among 
those substances which can be thus held in solution, 
and can be consequently deposited in layers, each 
of which is of equal thickness in each part ; but 
the oxalate of lime cannot be held in solution, for 
the strong afl'inity of the oxalic acid for lime must 
cause the decomposition of the phosphate of lime 
the moment it comes to the surface of the mucous 
membrane, and even whilst in the uriniferous ducts. 
The particles of oxalate of lime which are formed 
are absolutely insoluble in water, and therefore they 
pass into the bladder in a state of suspension as a 
powder, or aggregated into masses, which, as is the 
case with the mucus, must fall to the lowest part, 
and there they attach themselves to the nucleus, 
and thus they give origin to that irregularity of form 
which, in some calculi, may be compared to the 
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mulberry. Hence, the larger the calculus, the more 
partial must be the deposit, and though in small 
oxalate of lime calculi this warty appearance may 
sometimes be indistinct, yet I do not remember 
ever to have seen it absent in large ones of that 
description. 

On the chemical characters of the different kinds 
of calculi, I think it will be better to translate a 
part of BerzeliuH, rather than to give my own 
observations. He saya : " Their colour is different, 
according to their compoBition. They are found white, 
grey, yellow, and brown (and black). Their surface 
is either earthy, smooth, and polished, or covered 
with small warty excrescences, or with projecting 
small crystals : as long as they are moist, they usu- 
ally smell like urine. According to Marcet, their 
specific gravity is between 1"2 and 1-Q. Their form 
is determined sometimes from the parts on which 
they lie ; and when many are present at the same 
time, they usually grind down and smooth their sur- 
faces against each other. The greater number are 
oval, and they vary in size between that of a hazel 
nut and under, up to that of a duck's egg and 
over. Some have been found in the bladder, which 
weighed above three pounds, and had the form of a 
melon. The sections of these stones are the most 
interesting of their visible characters. By means of 
a fine and sharp saw, the stone is sawn in two 
through the middle, and the new surface is ground 
and polished with water and the powder which fell 
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in sawing; and then the internal structure of the 
stone becomes visible. Usually there is in the mid- 
dle a nucleus of some one substance, which has 
become surrounded with others in various layers of 
unequal thickness, in which way indeed some have 
been found to be composed of layers which contain 
all the ordinary constituents of stones. Many, how- 
ever, consist of one substance throughout, which is 
deposited in distinct layers of different thickness, 
which are often easily separated. I will now go 
through separately each substance which occurs as a 
constituent of stone. 

Ist. Uric acid is the most common constituent of 
stone. Such calculi have a reddish brown or 
brownish yellow colour : sometimes they are yellow, 
more rarely white. Their surface is sometimes flat, 
sometimes covered with roundish warts. A section 
shews thin concentric layers, and the surface, when 
broken, is either imperfectly crystalline, or earthy. 
They contain no pure uric acid. It never occurs 
pure, hut it is always combined with the same 
colouring matters which accompany it in urinary 
sediments, and fi-om which calculi have a colour 
varying from yellow to mahogany. ^Ether extracts 
from them, as indeed from all kinds of calculi, 
almost always some fat of that kind which is usually 
present in animal fluids. A part of the yellow 
colouring matter can be extracted by acetic acid, by 
means of which the fluid is coloured yellow. In 
addition, they contain always either albumen or 
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mucus from the bladder ; it is difficult to say 
which. If such a stone is dissolved in caustic pot- 
ash, and the acid precipitated by the addition of an 
excess of hydrochloric acid, thrown on a filter and 
washed until the excess of hydrochloric acid is 
removed, then the water which is used for washing 
dissolves a substance which is again precipitated as 
soon as it falls into the acid fluid which first went 
through the filter. 

If this water is received into a vessel by itself, 
and mixed with hydrochloric acid, it is found that 
the precipitate has a re-action exactly like the neu- 
tral compound of fibrin or albumen with hydro- 
chloric acid, and that its solution in water is pre- 
cipitated by ferropruBsiate of potash. A similar 
re-action belongs to the miicus of the bladder, and 
it seems thence to follow, that this substance exists 
in an exactly analogous state of combination with 
uric acid, as that in which it exists with hydro- 
chloric acid. 

All stones consisting of uric acid contain also 
small quantities of urate of potash, soda, ammonia, 
and frequently lime ; and thence they leave, when 
burnt, small quantities of ashes, which consist of car- 
bonate of potash and carbonate of lime. Sometimes 
they contain more or less phosphatie earth inter- 
mixed. The chemical characters whereby calculi of 
uric acid are recognized are the following : they are 
soluble in caustic potash, by which scarcely a trace 
of ammoniacal salt is evolved ; but frequently there 
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remains a residue of gelatinous phosphate of lime, 
which, when the quantity is only small, is dissolved 
in excess of potash. With acids, this solution gives 
a gelatinous precipitate, which soon collects into a 
granular powder. 

By nitric acid these stones are quickly dissolved; 
the solution is yellowish, and becomes rod by eva- 
poration at a gentle heat. The sulistance which 
remains again dissolves without colour in water, and 
again becomes red on evaporation. The experi- 
ment is easily made on a watch-glass, or a little 
piece of porcelain, with a portion broken off for 
trial, which may be smaller than a grain of mus- 
tard ; but forasmuch as too much acid and too 
strong a heat in evaporation destroy the red colour, 
and change it into a yellow, therefore it is best to 
make this experiment, according to Jacobson, in 
this manner. 

The solution in nitric acid is so far evaporated 
that it is no longer liquid, hut still not dry ; the 
watch-glass is then turned over and laid upon ano- 
ther, in which a couple of drops of caustic ammonia 
have been put, which is then gently wanned over a 
lamp. The evaporated ammonia neutralizes the 
nitric acid, and immediately the red colour appears 
on the upper glass. The easiest way to detect 
foreign substances which are mixed with such 
stones consists in burning a small piece on plati- 
num before the blowpipe. At first, one must stea- 
dily blow with the outer flame, by wtiioh a smell of 
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burnt horn and of hydrocyanic acid is given off, 
whilst the calculus diminishes in size. At last there 
comes a time when the residue takes fire, and bums 
of itself with much lustre, even without blowing. 
In the purer kinds of uric acid calculi only a small 
trace of ashes remains. If much remain which are 
not alkaline, the stone is mixed with phosphatic 
earth. If, on the contrary, the ashes are strongly 
alkaline, but insoluble in water, the stone contains 
urate of magnesia or oxalate of lime, which has 
become caustic by burning. 

2nd. Urate of soda with traces of urate of lime 
has never been found alone forming an entire cal- 
culus. Lindhergson found it as a constituent of a 
calculus, which will by-and-by be mentioned. 

3rd. Urate of ammonia composes by itself some 
calculi ; but it is rather rare, and then more fre- 
quent in children than in adults. Such stones are 
usually small, white or clay grey, with smooth, and 
at times, tuberculated surface : they consist of con- 
centric layers, and have an earthy fracture. 

After Fourcroy and Vauquelin had proved the 
occurrence of stones consisting of this salt, W. 
Brande declared their statement was a mistake, and 
said, that urate of ammonia never occurred in 
urinary concretions ; that the ammonia which caus- 
tic potash evolved from urinary concretions arose, 
according to his opinion, sometimes from intermixed 
phosphate of ammonia and magnesia, but more 
usually from the ammoniacal salts of the urine and 
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from the urea, of which a certain quantity, on dry- 
ing the stone, became attached, and which arose 
from the urine with which the stone was saturated 
when it was extracted. However, Front soon 
shewed how wrong Brande's statement was, and 
this has been since confirmed hy many others. It 
is veiy easy to discover nrate of ammonia. The 
stone is reduced to powder and washed with cold 
water, to remove any urine which remains; then it 
is boiled with a good deal of water, which dissolves 
the urate of ammonia, the greater part of which 
crystallizes out on the cooling of the fluid. The 
remainder, which is obtained by evaporating the 
fluid, is treated with hydrochloric acid, by which the 
uric acid is separated, and, on evaporating this solu- 
tion, salmiak remains. 

When, however, the whole stone consists of urate 
of ammonia, much water ia required for dissolving 
it, and it is better at once to treat it with hydro- 
chloric acid : of the solution which is obtained, some 
drops are to be taken and mixed with caustic am- 
monia, to see if phosphate of ammonia and magnesia 
ig contained in it. What remains of the solution is 
evaporated to a mass, in which the presence of 
ammonia and soda is discovered by subliming the 
salt mass in a glass tube, closed at one end, by 
which salmiak, rendered impure by decomposed 
animal matters, sublimes, and usually some common 
salt mixed with charcoal remains at the bottom of 
the tube, 

H 2 
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Moreover, urate of ammonia is discovered by its 
evolving ammonia in a solution of potash ; but in 
this expeiinient an error may arise, inasmuch as the 
same thing hai)|)ens with phosphate of ammonia and 
magnesia; but all doubt will be quickly removed by 
the addition of a little water. If it come from 
urate of ammonia, all will be dissolved ; whilst if 
from magnesian salt, the magnesia remains undis- 
solved. Calculi, consisting of urate of ammonia, are 
acted on by nitric acid and beat, like those of uric 
acid. 

4th. Urate of magnesia is certainly among the 
rarest stones which occur ; partly, because magnesia 
makes so small a part of the constituents of the 
urine, and partly, because it is one of the most 
soluble of the uric acid salts. It has been found by 
Seharling as the chief constituent of two stones, 
which, however, also contained urate of ammonia. 
The presence of this salt in stones is easy to be dis- 
covered when the powdered stone is boiled in water, 
wherein both the salts of magnesia and ammonia 
are dissolved. The solution is mixed with hydro- 
chloric acid, which preci])itate8 the uric acid, and 
the fluid which remains is evaporated to dryness in 
a water bath. The residue is then moistened with 
a little strong hydrochloric acid, and the greatest 
part of it again driven off' by evaporation. 

Absolute alcohol extracts chloride of magnesium, 
and leaves the ealmiak behind, the proportions of 
wliich can be determined by weight. The alcoholic 
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solution, after a little carbonate of potash is mixed 
with it, is evaporated ; the residue is dried in a pla- 
tinum crucible, and when heated until it begins to 
be of a red heat, it leaves the magnesia behind. 
The excess of potash is washed out. If it is in- 
tended to make an experiment with re-agenta, a 
little of the stone should be boiled with water, and 
the boiling solution, mixed with a few drops of 
caustic potash, should precii>itate the magnesia. 

Urate of lime has never been found, except in 
small quantities, in stones which chiefly consisted of 
uric acid. 

5th. Uric oxide. Marcet's xanthic oxide is a 
kind of urinary concretion which rarely occurs. 
The first was discovered by Marcet (having been 
passed by a patient of Dr. Babington's, of whom 
nothing is known). The stone weighed eight 
grains, and had a brown colour. When a little of 
it was dissolved in nitric acid, and the solution eva- 
porated to dryness, no red residue was formed, as ia 
the case with uric acid, but a yellow one ; whence 
Marcet derived the name ^av9os, yellow. Ai^er- 
wards Stromeyer found that a large stone, which 
Langenbeck had cut a country-boy for at the hos- 
pital at Gottingen, consisted of the same substance. 
Although Marcet had given a description of this 
new body, yet we owe the principal part of what we 
know about it to an inquiry which was instituted by 
Liebig and Woehler on a portion of the above- 
mentioned stone, wliich Langenbeck had removed. 
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The alteration in the name which is here given is 
grounded on an analytical combustion of this body- 
by these chemists. 

The surface of this stone is partly light brown, 
smooth, and shining, partly whitish, soft, and earthy. 
When broken it appears of a brown flesh colour : it 
consists of concentric and easily-separated layers. 
It has no crystalline or fibrous appearance. By 
friction it becomes polished with a waxy lustre, 
and it has about the same degree of hardness as 
stones which consist of nrie acid. Its nucleus con- 
sisted of the same substance. In nitric acid it was 
soluble when heated, without the least eToIution of 
gas, and the solution left, when evaporated in a 
water bath, a yellow residue, which did not become 
red either when more strongly heated or when 
exposed to the vapour of ammonia. It did not 
melt when heated. It is decomposed by dry distil- 
lation, by which fii-st hydrocyanic acid, and then a 
smell like burnt horn is evolved, just as in the smell 
of the vapour of uric acid. Then carbtmate of 
ammonia is sublimed, and no cyanate of ammonia or 
urea. It is dissolved by hydrate of potash Mhen it 
is finely powdered, and gently heated. The solu- 
tion has a dark brownish yellow colour, with a 
tinge of green. If carbonic acid is passed into the 
solution until the potash is perfectly saturated, tho 
uric oxide is precipitated in the form of a white 
powder free from potash, which, after it is washed 
and dried, cakes together into ]iale, hard, yellow 
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masses, which, after rubbing, become of a waxy 
lustre. The uric oxide has the following properties : 
it is without smell or taste. It is decomposed by 
high temperatures, without first melting. It bums 
without leaving a residue. It is insoluble in water, 
alcohol, and Eether ; and soluble in nitric acid, with- 
out the evolution of gaa, but with more difficulty 
than uric acid. The remainder, after evaporating 
the solution, is citron yellow and soluble in water, 
with a light yellow colour. It consists of the pro- 
ducts of the decomposition of the uric oxide. 

The solution in nitric acid becomes reddish yel- 
low by perfect saturation with potash, and salmiak 
precipitates a yellow substance from it. Chloride 
of eoda evolves from the solution in potash a little 
nitrogen gas, by which the colour becomes in turn 
blue, brown, and yellow, and then entirely disap- 
pears. It is soluble in sulphuric acid, and it is not 
precipitated by water. Solutions of hydrochloric 
acid and oxalic acid in water do not dissolve it. 
It acts on basic salts as an acid, but it is more fee- 
ble than carbonic acid, by which it is precipitated 
from its combinations. The compounds which it 
forms with potash and ammonia are very soluble in 
water. The compound with ammonia leaves, when 
evaporated to dryness, a mass, which is acid uric 
oxide combined with ammonia. The uric oxide 
consists, according to the analysis of Liebig and 
Woehler, of 
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Atom. 


Reckoned. 


Carbon, 


39-28 


10 


39-86 


Hydrogen, 


2-95 


4 


2-60 


Oxygen, 


21 '42 


4 


20-82 


Nitrogen, 


36-35 


4 


36-72 



According to which, it differs from uric acid in 
containing two atoms less oxygen. Hence the 
name of uric oxide, and it ^= CioH4N404. It must 
be remarked, however, that so long as its atomic 
weight is undetermined by experiment, and so long 
as it is unknown whether it contains water chemi- 
cally combined with it, which is very possible, it 
cannot be considered as decided that it is a lower 
degree of oxydation of the same radical as is con- 
tained in uric acid, however probable it may other- 
wise be. As uric oxide, its atomic weight should 
be 962-216, and its saturating capacity 10-41. It 
is distinguished from uric acid by the following pro- 
perties: first, by its more difficult solubility in nitric 
acid, and by the yellow residue which remains on 
evaporating the solution, which does not become 
purple red with ammonia, but of a darker yellow; 
and by the solution in sulphuric acid not being pre- 
cipitated on the addition of water, whilst only a 
little water is required in order to precipitate the 
uric acid from its solution. It is also distinguished 
by a readier solubility iu caustic potash and caustic 
ammonia. 

The solution in potash is not precipitated on the 
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addition of Balmialt ; but by long-continued evapo- 
ration, acid uric oxide combined with ammonia is 
thrown do^vn in the form of a powder. The uric 
acid is, on the contrary, precipitated by salmiak. 
Carbonic acid precipitates both from a concentrated 
solution in potash, but the precipitated uric acid 
is soluble in lukewarm water, although with some 
difficulty. The uric oxide, on the contrary, is inso- 
luble in it. In a dilute solution of carbonate of 
potash the uric acid is dissolved, but the uric oxide 
is not soluble in it. By this they can be separated 
from one another whenever they may occur toge- 
ther. (On this account Professor Liebig, in Tur- 
ner's Chemistry, directs that they should be dis- 
solved in a solution of potash, and carbonic acid in 
small quantity then passed into the solution.) 

I have frequently found, when physicians have 
desired an examination of gravel which had been 
passed, that though externally it was in every re- 
spect like uric acid, yet that it dissolved with great 
difficulty in nitric acid ; and the solution after eva- 
poration left a yellow residue, which, when heated, 
assumed no red colour, and occasionally became a 
little or not at all red in the vapour of ammonia. 
This gravel was also soluble in caustic potash ; but 
I have always had too little to be able perfectly to 
satisiy myself that it really was uric oxide. Mean- 
while it is clear, that the uric oxide must occasion- 
ally occur as gravel. 

Jackson has declared, that he found uric oxide 
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dissolved in the urine of a person who, after an in- 
jury of the back, was attacked with diabetes. The 
substance which he toot for uric oxide was depo- 
sited of a grey colour when the unne cooled, it 
reddened litmus paper, and was a little soluble in 
warm water, and perfectly so in nitric acid, out of 
which it was again precipitated by carbonate of pot- 
ash. These re-actions do not, however, appear to 
justify the assumption, that it was uric oxide. 

6th. Cystin. This substance was discovered in 
calculi by WoUastou, wlio named it cystic oxide, 
because it was dissolved as well by acids as by alka- 
lies, and in that respect resembled some metallic 
oxides. But neither can the name oxide be pro- 
perly received as a distinction for an organic body, 
for, with few exceptions, all organic bodies are ox- 
ides ; nor can the reasons which are given for this 
name be considered as sufficient. On this account, I 
have allowed myself to differ from the proposal of this 
distinguished man as regards the name of this body. 

In those calculi which consist of cystin, it forms 
a dirty yellow, transparent, irregular, crystalline 
mass; but it can be obtained in pure crystals when 
dissolved in potash, and acetic acid is added to the 
iluid when boiling hot. Then the cystin, by slow 
cooling, separates in six-sided, colourless, transparent 
scales. It can also be obtained in crystals, if its 
solution in caustic ammonia is left to evaporate. 
The scales fall then thicker, and may be considered 
as regular six-sided prisms. 
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^^tia has neither an acid nor alkaline re-action. 
When heated it does not melt. It takes fire with 
a hluish flame, giving olf a sharply acid smell, which 
at a distance resembles that of cyanogen ; hut, how- 
ever, it is BO characteristic, that cystin may bo 
thereby recognized. By dry distillation it gives a 
stinking oil, an ammoniacal water, and a porous, 
spongy coal. It is almost entirely insoluble in wa- 
ter, but soluble in alcohol. It is dissolved by weak 
sulphuric acid, nitric acid, phosphoric acid, oxalic 
acid, and hydrochloric acid ; and if the acids are 
saturated with it, and the solutions are evaporated 
at a gentle heat, a salt-like compound of cystin with 
the acid is separated in diverging crystalline needles, 
which taste acid and are not very durable. So that, 
for example, hydrochloric acid is driven off from its 
combination with cystin even at 365°, and the cys- 
tin remains behind blackened. The cystin is de- 
stroyed when boiled with an excess of nitric acid, 
and it is changed into a dark brown (and not red) 
mass, which remains behind when the acid is eva- 
porated. 

With acetic, tartaric, and citric acids, the cystin 
does not combine. It is dissolved by caustic, car- 
bonated and bicarbonated potash, and soda. Caustic 
ammonia dissolves it, but the carbonate does not. 
The compound with potash and soda crystallizes on 
evaporation in granular crystals ; that with ammonia 
becomes decomposed, and leaves ]>ure cystin be- 
hind. From its combinations with acids, it is best 
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j>recipitated by carbonate of ammonia, and from 
alkalies by acetic acid. 

Cystin has an extraordinary composition. It con- 
tains 25J per cent, of sulphur. It was first analyzed 
by Front, Mho determined it9 composition rightly in 
respect to the carbon, hydrogen, and nitrogen, but 
the sulphur escaped him, and he put down the whole 
loss to oxygen, in which the sulphur is compre- 
hended, Baudrimont discovered and determined 
the quantity of sulphur in it. This occasioned a 
new analysis, under Liebig's direction, by Thaulow; 
the result of which I put down here with that of 
Front's. 

Prout. Thaulow. Atom. Recioned. 

Carbon. 29-88 30'01 6 30-31 

Hydrogen, 5'12 5-10 6 4-94 

Nitrogen. 11-85 11-60 1 11-70 

Sulphur, 1 25-51 2 26-58 

Oxygen, / ^^ ^^ 28-38 4 26-47 

Marchand found exactly the same amount of sul- 
phur as Thaulow, and the same quantity of nitro- 
gen as both the other chemists. The calculated 
result differs, however, in containing one per cent, 
more sulphur than is found by experiment. No con- 
jecture can be formed as to the mode in which it 
must be considered as composed, for all control is 
wanting over the probability of the view which may 
be taken, as long as the capacity of saturation of 
the cystin is undetermined by experiment. 

Lassaigne has described a body which he found 
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in the bladder of a dog, and which he considered as 
cystiu ; but the composition of it aa given by him 
differs so much from that of cyetin, that it can 
scarcely be believed that the substance which he 
examined really was eystin. He says of it, that its 
solution in ammonia, after evaporation, separated 
in transparent scales, and the solution in lime water 
in granules. Syrupy compounds were formed with 
sulphuric and phosphoric acids, and with nitric, ox- 
alic, and hydrochloric acids, the compounds which 
were obtained shot out in needles. The sulphate 
compound contained 0'896 of its weight of this 
body, which was supposed to be eystin. The nitrate 
0'9C9 ; the oxalate, 0'78; and the hydrochloric acid 
compound, 0'947. These numbers do not agree 
with the capacity of saturation which these acids 
Lassaigne found this substance to be com- 
lof 



Carbon, 


36-2 


Hydrogen, 


12-8 


Nitrogen, 


340 


Oxygen. 


17-0 



This analysis differs so widely from the previous 
one, that it cannot be supposed that Lassaigne ana- 
lyzed eystin. 

Those stones which consist of eystin do not con- 
tain any thing else, at least so far as is as yet 
known. Their colour is yellowish, their surface 
smooth, with a crystalline appearance. The frac- 
ture shews a concretion of small crystals shining 
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like wax, with rounded angles. They are recognized 
by their behaviour on platinum foil before the blow- 
pipe, and also by their solubility both in caustic 
ammonia and in hydrochloric acid, and by the form 
of the crystals which reraajn on evaporation of tlie 
amraoniacal solution. Since Wollaston's descrip- 
tion, cystin has been found by Marcet, Stroraeyer, 
Buchner, Robert, Walchner, and Taylor; the last 
found in the collection at St. Bartholomew's Hos- 
pital two large stones of cystin among 129. The 
largest of the two weighed 720 grains." (I also 
found a calculus of this substance in the collection 
at University College, London, which weighed, after 
great loss by sawing, &c., above 850 grains. In 
this, and in one at St. Bartholomew's, a small quan- 
tity of the phosphates exist ; and oxalate of lime 
has been found vrith cystiu in a calculus at Guy's 
Hospital. 

Liebig gives the following test. The calculus is 
dissolved in a strong solution of caustic potash, and 
to the solution is added so much of a solution of 
acetate of lead, that all the oxide of lead is retained 
in solution. When this mixture is boiled, a black 
precipitate of sulphuret of lead is formed, which 
gives to the liquid the aspect of ink ; abundance of 
ammonia is also disengaged, and the alkahne fluid is 
found to contain, among other products, oxalic acid.) 

7th. " Phosphate of lime occurs seldom alone and 
in the neutral state. As yet, Wollaston is the only one 
who has found a urinary concretion of it. Accord- 
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jng to bis description, its surface is light brown, and 
polished. After it is sawed through, regular layers, 
lying one on another, are seen, so that the stone 
may be divided into concentric cups. The fracture 
across each lamella is striped, and appears to consist 
of parallel fibres, which pass from the convex to the 
concave side, and mark the crystallization. The 
earthy salt is combined in it with an animal matter, 
which is probably the same which is precipitated 
with phosphate of lime from urine out of the body. 
When heated, it becomes a coal, smelling like burnt 
horn ; afterwards it bums white, and at last melts. 
This last circumstance distinguishes the neutral 
phosphate of lime from the basic or common bone 
earth ; but in this, great care must be taken that 
this property of melting does not come from phos- 
phate of magnesia being mixed with it. The pow- 
dered calculus dissolves in nitric or hydrochloric 
acids much easier than the powder of bone earth 
calculi. 

8th. Phosphate of ammonia and magnesia is sel- 
dom found entirely alone in calculi ; but it not un- 
frequently forms the greater part. Snch stones are 
then almost always white, and their surface uneven 
and covered with small shining crystals. They have 
no lamellated structure, are easily broken and rubbed 
to powder, and feel coarse. In some few cases 
such stones have been found hard, semitransparent, 
and, when broken, crystalline. These stones are 
dissolved easily by acids, and are precipitated by 
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alkalies, ■with the ordinary characteristics of salts. 
Caustic potash disengages ammonia, and extracts 
the phosphoric acid, whilst the magnesia remains 
hehiud undissolved. Heated on platinum foil, they 
give off ammonia, and hlackcn, in consequence of 
the animal matter which they contain; they then 
become grey, and at last melt into an enamel. 
which, when mixed with a little nitrate of cobalt 
before melting, gives a red-coloured button. 

9th. Basic phosphate of lime (bone earth) and 
phosphate of ammonia and magnesia mixed together 
make, next to uric acid, the most common consti- 
tuent of urinary calculi. Its formation presupposes 
that the urine is alkaline, or at least neutral. Such 
calculi are white, chalky, and earthy, frequently very 
largo, and have sometimes shining crystals of phos- 
phate of ammonia and magnesia in small holes: 
they seldom appear in the inner layers. By their 
readily fusing before the blowpipe, they are easily 
recognized, and this induced WoIIaston to name 
them fusible : when heated, they blacken and 
evolve ammonia before they melt. Dilute acetic 
acid dissolves out the magnesian salt, and leaves the 
greater part of the lime salt behind. They are 
easily dissolved by hydi'ochloric acid. If the solu- 
tion is rendered as nearly as possible neutral, then 
oxalate of ammonia will precipitate the lime, and 
afterwards, by the addition of ammonia, the phos- 
phate of ammonia and magnesia will be precipi- 
tated. 
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In these calculi the relative quantity of both salts 
f is variable. Excessive quantities of the salt of lime 
I hinder the fusibility so much as to render tbera in- 
fusible. If the magnesia salt is in excess, they are 
more difficult to fuse, but not infusible. Sometimes 
' they contain urate of lime, which is discovered by 
, treating them vrOh caustic potash, filtering the solu- 
tion, and adding an excess of hydrochloric acid, by 
which the uric acid is precipitated. 

These constituents of urinary calculi are ordina- 
rily contained in the urine. We will now consider 
I some others which, in a perfect state of health, are 
not present therein, 

10th. Carbonate of lime is a rare constituent of 

f Btone in man, but the most frequent in gramini- 

L vorous animals. Concretions of this salt in man are 

■white or grey, and at times yellow, brown, or red. 

The carbonate of lime is always combined with an 

' animal matter, which is the cause of the colour, and 

this, when heated, bums with the smell of burnt 

horn. The formation of this stone presupposes that 

the urine is alkaline, and that the usual phosphatic 

I salts are absent. These stones are easily known by 

I their effervescence with hydrochloric acid, in which 

I they dissolve, and after they are heated to a red 

I heat by a strong fire, they leave caustic lime. 

Proust found a stone which consisted only of car- 

[ bonate of lime, with a small trace of urate of Ume. 

' Another hard stone, which weighed seven ounces, 

consisted, aecordin^r to him, of 0'8 carbonate of 
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lime, 0'2 basic phosphate of lime, without a trace of 
uric acid. Accordiug to Proust, this constituent of 
calculi has been found by Cooper, Prout, Smith, and 
lately by Fromherz, who found by analysis 0*91 car- 
bonate of lime, 0'03 phosphate of lime, and 0-04 
albumen and bro%Tn colouring matter, with a trace 
of oxide of iron. In the interior this stone had a 
little bit of quartz, as a nucleus," 

(Dr. Prout has mentioned, that he finds the small 
quantity of carbonate of lime which sometimes 
exists in phosphatic calculi increases by being kept 
for a considerable time. This may be caused by 
slight quantities of some organic acid, combined 
with the lime, becoming oxydised by exposure to 
the air when in contact with mucus of the calculus, 
and thus becoming carbonate ; as, for instance, lac- 
tate of lime.) 

11th. " Carbonate of magnesia. It is highly pro- 
bable that this always occurs in stones consisting of 
carbonate of lime, since it is easily overlooked, un- 
less purposely looked for. Lindbergson examined 
a urinary concretion, which consisted of urate of 
soda 9'77, basic phosphate of lime 34*71, phosphate 
of ammonia and magnesia 38*35, carbonate of lime 
3-14, carbonate of magnesia 2'55, albumen 6"87, 
water and loss 4'58. 

12th. Oxalate of lime is a somewhat frequent 
constituent of urinary calculi, especially in children. 
Such stones have usually an uneven surface, similar 
to a mulberry, on which account they have been 
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called mulberry calculi. They have a dark blackish 
green, or bro-\VTi colour, which Marcet supposes to 
be derived from blood which occurs from time to 
time in consequence of irritation of the urinary pas- 
sages by its sharp-angled tubercles. I have even 
seen cases in which the urine became bloody in con- 
sequence of the descent of such a stone from the 
pelvis of the kidney. Sometimes such stones are 
very small, and of a lighter colour, similar to hemp- 
seeds. I have even seen them white and light- 
yellow, forming a strong compact collection of 
sharp-angled crystals. The dark ones, however, 
seem to be coloured, not so much from blood, as 
rather from the same animal matter which is thrown 
down with the insoluble salts of lime from the 
urine. The quantity of this substance is by no 
means small, yet I do not know that it has ever 
been determined, although it is easily done ; for the 
quantity of oxalic acid can be calculated from the 
quantity of lime which remains after it is heated to 
a red heat. 

If a dark-coloured stone of oxalate of lime i^ 
heated before the blowpipe on platinum-foil, it 
swella out, bums, smells of burnt horn, and leaves 
caustic lime after being strongly heated in a good 
fire. The lime, when moistened with a drop of 
water, re-acts strongly alkaline, without being dis- 
solved. When the powder of such stones is digested 
in hydrochloric acid, it is dissolved, and the salt ia 
again deposited, on evaporation, in small crj'stals. 
i2 
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CauBtic potash extracts from it an animal 8U& 
stance, without acting on the salt itself; but it is 
decomposed by the carbonate of potash, leaving 
the carbonate of lime : in this the animal matter 
follows the acid, and combines with the oxalate of 
potash. 

It is not known how the oxalic acid comes into 
the urine, although it is so important in order to 
know how to avoid the circumstances which occa- 
sion its formation. So much is known, that exces- 
sive or daily use of acid vegetables, as, for example, 
oxalis acetoeella (the wood sorrel), ajid rumex ace- 
toseila (the common sorrel), which contain free 
oxaUc acid, or its acid salts, occasion the formation 
of gravel of oxalate of lime, wliieh again ceases as 
soon as these vegetables are abstained from ; but 
other unknown circumstances also, in which not the 
least injury to the health is perceived, ajipear to 
jiartieipate in producing it. 

18th. Organic substances. Fibrin, albumen, casein, 
and nmcus of the bladder, can form a part of most 
urinary concretions, without its being possible, by 
means of chemical analysis, to determine which of 
these animal matters was originally contained in 
them. Among these, Marcet has found a urinary 
concretion which consists almost entirely of one of 
these substances. It looked like yellow wax, and 
was of about the same consistence. Its surface was 
uneven, without being rough, and its section was 
radiated and filirouB, and it wafl somewhat elastic. 
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It burnt with a smell like horn, leaving beliiml a 
porous coal. In water, alcohol, and hydrochloric 
acid, it was insoluble, but soluble in canstic potash, 
and precipitated on the addition of hydrochloric 
acid. Nitric aeid dissolved it, but with greater 
difficulty than uric acid or cystin. With acetic acid 
it first swelled up, and afterwards dissolved by boil- 
ing, and the solution was like fibrin precipitated by 
ferroprussiate of potash. Hence Marcet concluded 
that this stone consisted of fibrin ; but the solubi- 
lity in nitric aeid does not belong either to fibrin or 
albumen. 

Morin found, by analysis of a stone taken from a 
man sixty-one years old, an organic matter in com- 
bination with phosphate of lime. In the nucleus of 
the stone it amounted only to 10 per cent. ; but in 
the second layer 18, and in the third layer to 70 
per cent, of the weight of the stone. Alcohol dis- 
solved out some fat. In acetic acid it was little 
soluble : something more in nitric acid. In caustic 
potash it swelled up, became slimy, and in part dis- 
solved. This animal matter which was obtained by 
Marcet, and that by Morin, have all the propertiea 
of hardened mucus of the bladder. From what I 
have already said on this subject, it will be seen 
that it possesses the chemical properties of a body 
containing protein ; but it shews the characteristic 
difference of being soluble in nitric acid, which pro- 
perty is absent in other protein compounds." (Thei'c 
is a small calculus of Sir B. Brodie's in the museum 
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of St. George's Hospital, which Dr. Prout considere 
to consist of fibrin.) 

" Scharling has examined a urinary concretioD 
preserved in the museum at Copenhagen, which 
weighed 255 grains, and was taken from the blad- 
der of a man after death. It has a fibrous texture, 
which it retained when, treated w^ith water ; when 
rubbed in a mortar, however, when dry it was brit- 
tle, and easily powdered, ^Ether and alcohol dis- 
solved out fat, and potash a protein substance, 
which was insoluble in nitric acid. It appeared to 
be composed of 55*36 per cent, fibrin or albumen, 
and 44-64 per cent, bone earth. Many chemists, 
by treating the powder of dried urinary concretions 
with Eether and alcohol, have found that these sol- 
vents have taken up small quantities of fat from 
human calculi, and both fat and resinous substances 
from those of animals, which probably are altered 
vegetable substances from the food, which are 
thrown out by the urine. 

14th. Silica is the last constituent to be men- 
tioned ; it was found by Fourcroy and Vauquelin 
in two stones out of 600. One of these had but 
very little silica, and the other had a nucleus like 
oxalate of lime, which consisted of 0'66 silica and 
0"34 animal matter. When this was burnt, the 
silica remained, and was recognized by its chemical 
properties. A third case is related by Venables, 
who found silica in the gravel of a woman ; " (and 
in a case described by Dr. Yellnwly, in the Philo- 
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sophical Transactions, the silica was mixed with 
oxalate of lime, and uric acid.) 

" The urinary concretions have been divided into 
different classes and orders, according as they con- 
sist of one substance, or of many mixed with one 
another, or of many with alternating layers ; but as 
such mixture and alternation is not determined by 
constant circumstances, but arises in innumerable 
ways, according as different circumstances occur, as, 
for instance, with the state of health of the indi- 
vidual in other respects, the mode of life, diet, and 
the use of medicines, on this account I do not enter 
into such divisions. I only remark, that this mix- 
ture of various substances, and the variation in the 
composition of different layers in one and the same 
calculus, is generally present and occurs very fre- 
quently. 

English physicians, who have opportunities of 
seeing many and great collections of urinary concre- 
tions, have taken pains to make out their relative 
frequency of occurrence. Hence it has generally 
appeared, that in England those stones are most 
common which consist chiefly of uric acid. Next to 
this comes fusible calculus, more especially if one 
adds those cases in which this earthy salt occurs 
intermixed or forming the largest part. Then fol- 
low those which consist of varying layers of uric 
acid, phosphate and oxalate of lime. For example, 
there were among 1000 stones. 
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372 of uric acid alone, or mixed with small quantities 
of urate of ammonia, and oxalate or phosphate of 
lime. 

253 of phosphatic earths (fusible). 

233 of varying layers of uric acid, oxalate of lime, and 
phosphatic earth. 

142 oxalate of lime. 

The stones which rarely occur, as carbonate of 
lime, cystin, and silica, cannot be taken into any 
reckoning like this. Moreover, the relative propor- 
tion varies in different lands, according to different 
climates, different prevailing food, work, and the 
habits of the people. So Rapp found, for example, 
among 81 stones at Wurtemburg, 

22 oxalate of lime alone. 

34 in which oxalate of lime was mixed with other sub- 
stances, so that there were 56 oxalate of lime 
therefore in the whole. 
16 uric acid altogether, namely, 7 uric acid by itself, 

and 9 uric acid mixed with phosphatic salts. 
7 fusible. 

1 urate of ammonia. 
1 phosphatic earth, with 13 per cent, carbonate of lime." 

Perhaps a general statement of the causes of the 
different kinds of calculi, in accordance with the 
views which I have set forth in the First Part, may 
be given thus : When the health is good, and the 
oxygen acts perfectly, no deposit would take place ; 
when the oxygen acts in a less degree, a deposit of 
oxalate of lime occurs; when still less, urate of 
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ammonia or uric acid. If the health becomes bad, 
or the irritation from the stone causes the urine 
to become alkaline, the phosphates are precipitated ; 
and if the oxygen is still further prevented acting, 
the phosphoric acid would be formed in exceed- 
ingly small quantities, and carbonate of lime would 
be deposited. 



CHAPTER II. 

ON THE REMOVAL OF THE STONE. 

There are but three possible ways of removing 
a calculus from the bladder : 1st, whole ; 2ndly, in 
parts, the chemical nature of the stone being un- 
changed ; 3rdly, in parts, the chemical nature be- 
ing changed. The first method only was thought 
practicable until lately, when the second was at- 
tempted, and it is now very generally employed. 
The last mode has rarely succeeded ; it has, there- 
fore, been much neglected, and is usually passed 
over unnoticed, because it belongs more to the 
chemist than to the surgeon. On this account, I 
shall merely refer to surgical books for all infor- 
mation on the two first modes, and proceed at once 
to the last — ^to the solution of calculi. 

This has been attempted in two ways : 1st, by 
solvents taken as medicines ; and, 2ndly, as in- 
jections. 

The medicines which have been as yet used are 
chiefly alkalies, in some form or other, which can- 
not act as solvents until they have rendered the 
urine slightly, though decidedly, alkaline ; and as 
soon as this happens, the phosphates are usually 
precipitated ; so that, however much such medicines 
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ID moderation may hinder the increase of a calculus, 
still, when given in excess, in order to dissolve that 
which has been deposited, they only change the 
material of which the fresh deposit consists ; the 
calculus continuing to increase by the addition of 
the phosphates instead of uric acid or the urates. 
The benefit which has been derived from these me- 
dicines has been exaggerated by those who have 
held them forth to the world as the means of cure. 
That they should have given an impartial statement 
of the effect of these medicines, could not be 
expected. 

In Sir A. Cooper's Lectures on Surgery, 8th Edit, 
p. 306, there is a recommendation to give alkalies 
(soda), in order to cause a deposit of the phosphatesi, 
to coat the surface of the stone, which may cause 
less irritation of the bladder ; and this is certainly 
the usual action of alkalies, when taken in excess. 
M. Petit has asserted, indeed, that by taking the 
Vechy waters, which contain bicarbonate of soda, 
no phosphates are produced ; but, excepting in cases 
of the greatest weakness, phosphates must be 
formed, however much they may appear to be di- 
minished in consequence of the excess of water 
which may be taken. 

Moreover, M. Pelouze, one of the best chemists 
in Europe, having been appointed to make a report, 
has given an opinion different from that of M. Petit; 
the particulars of this will be found in his Report 
to the Academie dea Sciences. In Germany, borax 
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has been long used as a medicinal solvent ; ana 
lately in this country, Mr. Ure has suggested the 
use of hippuric acid ; but accortling to Mr. Garrod's 
paper in the Transactions of the Chemical Society, 
and M. Keller's in the Appendix to Liebig's Animal 
Chemistry, but little benefit can be expected from 
its use, excepting that which may be derived from 
a slightly stimulant diuretic. Any solvent which 
passes through the system must be used so long 
that it will produce a bad effect either by acting on 
the constitution, or by causing a deposit of the 
phosphates ; and consequently, it is very improba- 
ble that calculi will be ever removed by medicines, 
though these may assist in the cure by hindering 
any fresh deposit. 

2ndly. On the subject of injections I can as yet 
offer but little, excepting the history of what has 
been done, and some remarks which may occur to 
me ; and though the means which have been hither- 
to used have been generally so insufficient to ac- 
complish the object, that the idea of effecting it 
with certainty is thought by most to be absurd, still 
the result is worthy of the utmost efforts of the 
chemist to obtain. 

Berzelius, in the last German edition of his Hand- 
book, says : " The attempts which have been made 
to dissolve concretions in the bladder have not suc- 
ceeded as we might have expected. However, I 
am perfectly convinced that they have not been 
often enough repeated to enable us to find out and 
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remedy those obstacles which we are unable to fore- 
see, and which frequently increase the difficulties 
of their application." 

The following tabular view enables us to see what 
has been hitherto attempted, and with what suc- 
cess. In the words of the British and Foreign 
Quarterly Review, for Oct. 1 841 : " So much has 
already been done as to hold out every inducement 
to perseverance, and perseverance must of neces- 
sity be crowned with success in a certain proportion 
of cases." 
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EXrERIMENTS WITH REGARD 



In addition to the foregoing table, Berzelius re- 
commenda a lukewarm solution of one part of car- 
bonate of potash, and ninety to a hundred parts 
water mixed with a little mucilage ; and in cases 
where the stone consists of uric acid, he suggests 
that a solution of borax should be tried, by which a 
urate of soda and biborate of soda would be formed. 

Dr. Marcet states, p. 189, that in general, al- 
kalies cause less irritation than acids. 

Dr. Araott appears to have re-introduced the 
double catheter, which Hales invented and Gnii- 
thuiaen recommended ; and that which Sir B. Brodie 
used in his successful case consisted of two small 
catheters united together side by side, while Dr. 
Amott's was a small catheter within a large one, 
which he thinks will allow mucus to pass with the 
greatest ease. Both Amott and Brodie appear to 
have invented an apparatus for keeping up a con- 
tinued stream of the solvent, though neither used it. 
About the year 1825, M. J. Cloquet used a con- 
tinued stream of water, at a temperature between 
90' and 100° F., which caused so little inconveni- 
ence that, according to Mr. Bclinaye on Calculus, 
p. 60, " it may be employed during the patient's 
sleep." 

It seems then quite possible, from Hales' experi- 
ment on the dog, and M. Cloquet's on man, that 
an unlimited quantity may be injected into tlie 
bladder. 

The latest experiments which have been made 
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are those of M. Pelouze, in the Comptes Reiidus 
of the Academy of Sciences, 21st March, 1842, 
Tom. xir. No. 12, he having been appointed, with 
M. Guy Lussac, to make a report on many com- 
munications of M. le Docteur Leroy d'EtioUes, re- 
lative to the solution of urinary calculi. He says : — 
" The experiments made in our presence were of two 
kinds : first, in the lahoratory ; secondly, on patients ; 
occupying two years. We found the bicarbonated 
alkalies more efficacious than the carbonated, but 
even their action was very feeble ; and in some 
fragments which were exposed to the waters at 
Vichy, though the solution was very slow, yet it 
was more rapid than in solutions of alkaline car- 
bonates or bicarbonates, probably from the mecha- 
nical action of carbonic acid gas. 

" Pieces of different kinds of calculi were left for a 
year in solutions of carbonate and bicarbonate of 
potash and soda, of the strength of from 230 to 460 
grains to the pint of water, at the temperature of 
the laboratory, and occasionally at from 9Q to 104 
F. ; none of them were dissolved; each appeared to 
retain its original volume, and the actual loss varied 
from ^ to ^- of their weight. 

" Pieces of calculus, weighing from 116 to 230 
grains, were exposed during three consecutive 
months to 500 pints of water, containing u^oth of its 
weight of bicarbonate of soda. Their volumes were 
not sensibly diminished, but they were become more 
friable ; the actual loss was from iVth to inths. We 
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subatituted the borate of soda and of potash for the 
carbonate, and in other experiments, nitric and hy- 
drochloric acids Tvere used, but the same difficulty 
occurred, though it was something leas in the case 
of the borax. 

" 2ndly. We made experiments on patients, the 
greatest number of whom tried, for a longer or 
shorter time, the solvent action of mineral waters, 
or those of bicarbonate of potash or soda. We 
conclude that it is quite certain that the use of al- 
kalies, in certain circumstances, determine a deposit 
of calculus in the bladder. 

" No attempt, by direct injection, was made on an 
entire calculus, but patients were taken in whom 
pieces remained after the operation of lithotrity had 
been performed. Carbonated and bicarbonated al- 
kalies, caustic alkalies, borax, hydrochloric acid, and 
nitric acid, were dissolved in distilled water, and 
injected, at a temperature from 96 to 104 F., with 
a double catheter ; from 25 to 250 pints were used. 
By some, no pain or fatigue was experienced ; with 
the greatest number, the bladder became irritable 
and the injections were stopped. Onco only did 
the pieces of calculus disappear, being dissolved in 
water containing from tJs to -ih of its weight of 
nitric acid. The calculus consisted of phosphate of 
lime and phosphate of ammonia and magnesia, 

" In many cases we remarked a considerable dimi- 
nution in the cohesion of the calculus. In one pa- 
tient, whose bladder was not irritable, we employed 
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a strong injection of alkaline water, containing 346 
grains of bicarbonate of soda to the pint of water. 
We knew that the calculus was uric acid ; we passed 
through the bladder 250 pints of water, holding in 
solution 59 ounces, 7 drachms, and 3 grains of bi- 
carbonate ; after this enormous mass of water the 
volume was not sensibly diminished ; but instead of 
remaining excessively hard, as they were at first, 
they became so friable that very slight pressure was 
sufficient to break them. In the greater part of the 
other experiments the injections could not be con- 
tinued, and the fragments lost nothing of their hard- 
ness or volume. 

" In conclusion, we have been very little satisfied 
with our attempts at solution by means of injection. 
The borax, which has lately been recommended as 
a more energetic solvent than the alkaliue carbon- 
ates, gave us no better results than these latter salts 
did ; and the same may be said of the other agents 
which are mentioned above. Benzoic acid, vrith a 
little borax and alkaline carbonate, was tried as a 
medicine : the results were negative ; we found only 
a small quantity of hippuric acid in the urine. We 
consider M. Leroy d'EtiolIes to have established 
the following conclusions. 

" lat. That certain agents exercise a destructive 
action on urinary calculi, though they act less on 
tlie principles which form them, than on the animal 
matter which imites them. This action is very slow, 
even out of the bladder. 

K 2 
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" 2ndly. That a cure is not likely to be eflfected 
by drinliing and baths. 

" Srdly. Direct injection ia more powerful, but suc- 
cess is problematic ; and the chances of inflamma- 
tion are not sufficiently compensated, as in lithotrity, 
by a rapid destruction of the stone. 

" 4thly. That though the combination of lithotrity 
with injection increases the probability of success by 
increasing the surface — still, after the first crushing, 
the chief difficulties are surmounted, and it will be 
wisest not to change the mode of cure. 

" We hope that these observations, by shewing the 
difficulties connected with solution, may be far from 
discouraging attempts, the success of which is so 
desirable ; and tliat they may call forth new re- 
searches on this important question. M. D'EtioIles 
was requested to continue hie researclies." 

I have given the above extract at considerable 
length, because it is only by looking at what has 
been done, and at the difficulties which have 
occurred to others, that we cau attain to success. 
This account shews, that aa yet, for the most part, 
but little has been accomplished ; but the disco- 
veries of chemistry are by no means ended ; and 
though it is improbable that any single sultstance 
will ever be discovered which will dissolve all kinds 
of calculi, yet new applications may at some future 
time prevail. 

At the last meeting of the British Association, 
Mr. Mercer stated, that on mixing oxalic acid and 
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nitric acid with a little water, and raising the tem- 
perature to 130 F., no action ensued ; but if a small 
quantity of protosalt of manganese was added, the 
decomposition immediately commenced. The nitric 
acid was converted into nitrous acid, whilst the 
oxalic acid passes into carbonic acid. Oxalic acid 
differs from oxalate of lime, and nitric acid with a 
little water could not be borne in the bladder ; but 
I have mentioned this only to shew that new means 
of effecting chemical changes may be discovered, 
and some of these may enable us to change the 
oxalic acid into a substance which would be as 
easily removed as carbonate of lime. 

With regard to uric acid, its peculiar property of 
undergoing changes is so remarkable, that most pro- 
bably the means of effecting a change in such cal- 
culi when in the bladder will be first discovered. 

At present, then, but little can be effected by iu- 
jection in calculous cases, excepting where there is 
suflScient evidence that the calculus consists of 
phosphates, of cystin, or of carbonate of lime. The 
case recorded by Sir B. Brodie and that by M. 
Pelouze put the question of the phosphates beyond 
all doubt, whilst the far greater solubility of cystin 
or carbonate of lime in the same menstruum renders 
success with such calculi even more certain. 

If, then, after a calculus has been once caught 
and crushed (which is neither painful nor dan- 
gerous, the operation usually becoming so from fre- 
(juent repetition), the jiieces which are i>as8ed are 
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found to consist of the phosphates, of cystin, or, 
which is extrenaely improbable, of carbonate of 
lime, then there «an be no question that the most 
dilute solution of hydrochloric or nitric acids may 
effect a cure, if ejected in large quantities, without 
danger or suffering. Such calculi are much more 
rare than those of uric acid or oxalate of lime, and 
therefore it is as yet far easier to prevent the 
formation of a calculus, by guarding against the uric 
acid diathesis, than it is to effect a cure. 
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The following account of the state in which the uric 
acid occurs in the urine is from the German edition of 
Berzelius's Hand-Book of Chemistry : — 

" Warm urine contains much more uric acid in solu- 
tion than an equal weight of warm water can dissolve. 
On this account, Prout assumed that the uric acid was 
contained in the urine as urate of ammonia, which on 
cooling was decomposed by the excess of free acid. It is 
not easy to say how so complex a fluid as the urine holds 
the matters, which are difficult of solution, dissolved. It 
is possible that the uric acid, at the temperature of the 
body, preserves an equilibrium with the phosphoric and 
lactic acids in their acid salts; but it is not probable. 
We know, moreover, for example, that iodine is dissolved 
in water which contains common salt, or salmiak, in 
greater quantities than in pure water, although we know 
of no combination of iodine with these salts. However it 
may be, the uric acid which is precipitated from urine, on 
cooling, is free acid^ with only such a small trace of am- 
monia and soda, that it is not worthy of notice ; more 
especially, provided the mucus is separated before the 
urine cools. The precipitate is at first powdery, and grey 
as clay; but it collects together more and more, and 
becomes pale pink, and when dried, crystalline, and like 
fine scales. The finer the scales are, the purer the acid 
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is ; aud, on the other hand, the more disthictly crysto 
can be distinguished, the more impurity there is from 
bases. The fine scaly precipitate dissolves in caustic pot- 
ash, without the Buid smelling of ammonia ; but a trace 
of ammonia can be discoyered, by holding a glass rod 
moistened with hydrochloric acid over it, and, when burnt 
on platinum, a trace of carbonate of soda remains. If, on 
the contrary, such sediment is crystalline, and consists of 
small, reddish, angular crystals, it will evolve ammonia in 
considerable quantity, when treated with potash ; and the 
fluid, which at the beginning was red, becomes, after a 
time, yellow. It also leaves behind more ash when burnt 
on platinum. 

" Urate of ammonia is seldom precipitated from urine 
that has been left to cool. When it is, it sinks only 
slowly, and again dissolves if we try to wash it out with 
water. Most commonly it crystallizes in from twenty- 
four to thirty-six hours, out of urine which deposits no 
sediment ; or it happens that the previously-precipitated 
flaky acid, when it remains in urine which has become 
alkaline, is changed into large reddish crystals of m^te of 
ammonia. The mucus in which the uric acid is deposited 
plays so important a part in the formation of a salt of 
ammonia, that if, after the urine has become thick, it is 
filtered, and the deposit washed on a filter, and after that 
placed under water, the crystallization often takes place iu 
a few hours. 

" The deposit from urine which has been filtered when 
warm retains, after being washed out and dried, its glis- 
tening, fine scaly appearance; whilst^ on the contrary, 
that from unfiltered urine, after washing and drying, is 
markedly crystalUne, and contains ammonia. On cool- 
ing, all the uric acid is not precipitated from the urine, 
but a by no means inconsiderable part remains dissolved ; 
and, moreover, it is not every healthy urine which de- 
posits a sediment on cooling, at least not when the air is 



moderately warm. If filtered urine is evaporated, there 
remains a grey deposit, which is a mixture of uric acid 
and phosphate of lime. Uric acid can be precipitated 
also on tlie addition of nitric or hydrochloric acids. It is 
deposited commonly after some time as a powder, or in 
crystals, according as it has fallen quickly or slowly. 

"The uric acid which is precipitated from urine, although 
it commonly looks greyish as long as it lies in the urine, 
becomes, however, after being washed, strongly red or 
brick -coloured. This colour proceeds from a foreign 
colouring matter combined with the acid. In inter- 
mittent fever, thia red colouring matter is considerably 
increased. The urine deposits then, at each febrile acces- 
sion, a deep brick-coloured, sometimes rose-red, and 
even beautiful carmine, sediment. This colouring matter 
was first examined by Proust, who at first considered it 
as a peculiar acid, which he called rosaic ; but afterwards 
he remarked that it was nothing else but a combination 
of uric acid, with a peculiar extractive-like red colouring 
matter. 

" If the red precipitate from the urine of those who are 
ill with fever is treated with boiling water, or boiling 
alcohol, the colouring matter is extracted ; on evaporating 
the alcoholic solution, a scarlet-red powder is left behind, 
which has neither taste nor smell. On this subject 
Vogel states, that the colouring matter extracted with 
alcohol contains still a portion of uric acid. On burning, 
it does not smell hke burnt honi. By sulphuric acid it is 
dissolved ; the solution is of a rose-red colour, which 
soon becomes dark red : by the addition of water, the 
uric acid is precipitated from it unchanged. Sulphuric 
acid, with three parts of water, extracts the colour, and 
becomes red; but leaves the uric acid behind. By a 
solution of sulphurous acid it becomes carmine red. 
Nitric acid and chlorine change it in the same way as 
they do pure uric acid. By hydrochloric acid the red 
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colour 19 altogether destroyed, and changed to yellow. 
Alkalies dissolve it ; the solution soon becomes yellow, 
and re-acts then exactly like a solution of uric acid in 
alkah. 

" Duvemoy declares, that the red sediment of fever can 
be procured from ordinary urine, if it is evaporated to J 
or i, and then mixed with a little nitric acid, and left to 
stand from 12 to 16 hours, by which it becomes dark red. 
If then an uric acid salt is added, the uric acid is preci- 
pitated red, and alcohol extracts from the precipitate the 
ordinary red matter. If a solution of the red matter in 
water is mixed with a solution of acetate of lead, a pale 
rose-red precipitate is formed. By nitrate of mercury, it 
becomes, after some hours, green. 

" Frorahertz and Gugert, who made experiments on the 
red sediment of the urine in disease of the liver, obtained 
a similar result. By long-continued soaking in water, or 
boiling in alcohol, a red extractive-like colouring matter 
is taken up, which by alkalies was changed to yellow. 
Its property of reddening litmus came only from its red 
colour. 

" Prout, on the contrary, attributes the red colour 
in the sediment of urine to an intermixture of purpurate 
of ammonia, because the purpuric acid can be artificially 
produced, by treating uric acid with nitric acid ; and Prout 
found nitric acid, in some state of combination, in the 
precipitate from feverish urine. He digested such a de- 
posit with nitrate of baryta and water, filtered the solu- 
tion, precipitated it exactly with sulphate of potash, 
evaporated it, and obtained from it, after sufficient con- 
centration, crystallized saltpetre. Kitric acid, however, 
occurs but seldom, and Wurzer found it only once in 
eleven cases in which he sought it, 

" The solubility of the colouring matter in alcohol speaks 
against the supposition, that this colour conies from 
purpurate of ammonia, which does not colour alcohol. 
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1 certain, that if urate of ammonia is mixed with a 

solution of a purpuric salt and acetic acid (which does 
not destroy its colour), the uric acid is precipitated of a 
pale rose-red colour. However, by boiling, alcohol ex- 
tracts no trace of colouring matter. I made the following 
experiment : I mixed urine with a purpuric salt and acetic 
acid, whilst another portion of the same urine was left 
alone unmixed. Both deposited, ae far as colour went, 
exactly similar sediments, and the alcohol with which 
both were boiled became yellow coloured, without the 
addition of the purpuric acid salt having increased the 
colour of the precipitate in the smallest degree, or ap- 
pearing to have communicated any of its colour to it, in- 
asmuch as both, after boiling, were yellow. 

" The ordinary pale red deposit which is frequently 
thrown down from the urine of those in health does not 
appear altogether identical with that from the urine in 
fever; for water extracts nothing from it, and alcohol 
which is long boiled with it becomes yellow, and leaves, 
after evaporation, a dark reddish, yellow, extractive-like 
substance, which dissolves with difficulty in water, leav- 
ing behind the red powdery colouring matter : that which 
dissolves is urate of soda with a little urate of ammonia. 
From the red powder, which is soluble in a large quan- 
tity of water, a small quantity of alcohol extracts the red 
colouring matter, and leaves behind a yellow coloured 
powdery uric acid. The acid, boiled with alcohol, does 
not become colourless, but yellow, and acetic acid ex- 
tracts from it a part of the yellow colour." 

On this subject, I think it interesting here to mention 
what Berzelius elsewhere states, that " Landerer found 
that the colouring matter from red perspiration, which 
had become collected on flannel under the axilla, in a 
patient with fever, by boiling with a very dilute solution 
of potash, could be extracted. The solution then gave 
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with sulphuric add a red precipitate, which in every re* 
spect coincided with the red precipitate from the urine 
which is wont to be formed in the paroxysm of fever." I 
have only once seen this red colouring matter, which was 
also from flannel in the axilla of a patient subject to 
rheumatism, who had at the same time a red deposit in 
the urine. It was not soluble in water. 



THE END. 
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